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PREFACE, 


The  Treatise  herewith  offered  to  the  English  Metallurgist  is 
intended  to  furnish  him  with  the  contemporaneous  experience 
of  metallurgical  operations,  acquired  chiefly  on  the  European 
Continent.  For  this  purpose  it  has  been  deemed  advisable 
to  adapt  the  German  edition  of  Kerl's  Metallurgy,  which, 
both  here  and  on  the  Continent,  is  justly  considered  a 
standard  work  of  reference  on  the  subjedl. 

Professor  Kerl  wrote  this  treatise  partly  to  serve  as  a  text- 
book to  his  leftures  on  Metallurgy,  and  this  circumstance 
Jias  constrained  us  to  make  some  alterations  in  arrangement 
and  some  condensation  of  substance,  so  that  the  present 
work  is  confined  to  two  volumes,  whilst  that  of  Kerl  com- 
prises four.  From  the  great  number  of  analyses  in  Kerl's 
book  we  have  given  only  a  judicious  seledlion,  and  made  use 
of  the  introdudlory  part  so  far  only  as  is  required  for 
elucidating  the  various  operations ;  we  have,  moreover, 
omitted  all  reference  to  Assaying,  as  the  new  edition  of 
Mitchell's  Manual  of  Practical  Assaying,  fully  treating  of  this 
subjedl,  may  be  considered  as  adequately  representing  that 
branch  of  Metallurgy. 

But  our  task  has  not  been  restridled  to  condensation  and 
omission.  Wherever  desirable,  we  have  given  processes 
and  details  not  to  be  found  in  Kerl's  original  treatise. 
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VI  PREFACE. 

The  present  volume  contains  thirteen  chapters,  treating  of 
Lead,  Silver,  Zinc,  Cadmium,  Tin,  Mercury,  Bismuth, 
Antimony,  Nickel,  Arsenic,  Gold,  Platinum,  and  Sulphur, 
respedtively. 

In  the  second  volume  it  is  intended  to  give  a  chapter  on 
Fuel,  and  to  treat  in  extenso  of  the  two  metals  Copper  and 
Iron,  the  most  important  as  regards  English  Metallurgical 
industry,  and  which  have  contributed  most  to  the  fame  of 
English  Metallurgists.  But  there  is  danger  lest  this  renown, 
so  justly  earned,  should  lead  to  a  complacent  security 
inimical  to  progress ;  hence  in  Metallurgical  operations  it  is 
indispensable  that  the  Metallurgist  should  be  thoroughly 
conversant  with  all  improvements  wherever  made,  which, 
in  a  compendious  form  and  in  the  English  tongue,  has  been 
hitherto  inaccessible  to  him. 

Besides  the  details  of  a  great  number  of  foreign  Metal- 
lurgical operations,  we  have  not  failed  to  bestow  due  con- 
sideration on  the  processes  carried  out  in  America  as  well  as 
in  England ;  and  we  trust  that  English,  as  well  as  American 
Metallurgists — to  whom  this  Treatise  is  likewise  dedicated — 
will  find  this  English  adaptation  of  Kerl's  great  work  useful 
to  them. 

London,  SipUmbgr,  1868. 


Digitized  by  VjOOQIC 


CONTENTS 


FIRST      VOLUME 


CHAPTER     I. 
LEAD. 

Principal  Ores  of  Lead 

Galena,  i.  White  Lead  Ore,  4.  Sulphate  of  Lead,  5.  Pyromorphite,  5. 
Yellow  Lead  Ore,  5. 

Synopsis  of  Processes  for  the  Extraction  of  Lead  from 
its  Ores 

Influence  of  Foreign  Substances  contained  in  Lead  Ores,  6.  Import- 
ance of  the  Preparation  of  the  Ore,  7.  The  chief  modes  of  Extrading 
Lead  from  its  Ores,  10. 

I.  Smelting  of  Sulphuretted  Lead  Ores 

Classification  of  the  Processes,  13. 

Decomposition  of  Galena  by  Roasting  Processes  in 

Reverberatory  Furnaces 

Theory  of  these  Processes,  14.     Produdks  of  these  Processes,  22 
The  Carinthian  Reverberatory  Process 
Illustrations  of  the  Carinthian  Process 

Carinthia,  27.     Holzappel,  32.     Davos,  32.     Spain,  33. 

The  English  Reverberatory  Process     . 
Illustrations  of  the  English  Process     . 

Flintshire,  Bristol,  Newcastle-upon-Tyne,  &c.,  37.  Spain,  46.  Modi- 
fications of  the  normal  English  Reverberatory  Process,  50. 

The  French  Reverberatory  Process 
Illustrations  of  the  French  Process 

Poullaouen,  55.  Pesey,  59.  Corphali,  59.  Bleiberg  and  Binsfeld- 
hammer,  near  Stolberg,  60.  Lead  Works  near  the  mouth  of  the 
Rhone,  64.    Bottino,  64. 


PAGE. 

I 


13 


14 

24 

27 

35 
37 


54 
55 


Digitized  by  VjOOQ IC 


VIU  CONTENTS. 

The  French  Precipitation  or  Vienne  Process  (Decom- 
position of  Galena  in  Reverberatory  Furnaces  by 
means  of  Iron) 65 

Illustrations  of  the  French  Precipitation  Process         .      67 

Vienne,  67.  Lead  Works  on  the  Rhone,  67.  St.  Louis,  67.  Esca- 
lette,  68. 

Ext  raft  ion  of  Lead  in  Hearth  Furnaces      ...       68 
The  Scotch  Hearth  Process 69 

Cumberland,  Northumberland^  Durham,  Alston  Moor,  69. 
Pesey,  72. 

The  American  Hearth  Process 72 

The  Backwood  Hearth,  73. 

Illustrations  of  the  American  Hearth  Process      .         .       74 

Rosie  in  the  United  States,  74.    Bleiberg,  74. 

The  Cupola  Furnace  Process 75 

Cupola  Furnaces,  76. 

Decomposition  of  Raw  Ores  in  Cupola  Furnaces  by 
means  of  Iron  (Precipitation  Process)       ...       82 

The  Advantages  and  Disadvantages  of  the  Process,  82  and  83. 
Influences  upon  the  Success  of  the  Process,  83.  The  Nature  of 
the  Ore,  83.  The  Mixture  of  the  Ores,  86.  The  Construaion  of 
the  Cupola  Furnaces,  90.  Fuel,  92.  The  Smelting  Process,  93. 
The  ProduAs  of  the  Process,  96. 

Illustrations  of  the  Precipitation  Process     ...      98 

Upper  Hartz,  98.  Vi<aor-Friedrichshutte,  108.  Tarnowitz,  109. 
Przibram,  no.  Joachimsthal,  112.  Kinzigthal,  113.  Ems,  113. 
Sala,  113.     Banat,  113. 

Treatment  of  Roasted  Ores  with  Iron,  or  some  Ferru- 
ginous Flux  (Roasting  Reduftion  Precipitation 
Process) 113 

The  Roasting  of  the  Ores 114 

Methods  of  Roasting,  114.    Influence  of  Foreign  Substances,  116. 

Smelting  the  Roasted  Ores 117 

Smelting  Process,  117.  Composition  of  the  Mixture,  117.  Smelting 
Furnaces,  119.     Smelting  Produdls,  120. 

Illustrations  of  Smelting  Ores  Poor  in  Lead,  and 
associated  with  Pyrites  and  Blende  •         .         .     121 

Lower  Hartz,  121.    Fahlun,  125. 

Illustrations  of  Working  Ores  Rich  in  Lead,  and 
associated  with  Foreign  Sulphides  and  Earths  .     125 

Przibram,  125.  Freiberg,  127.  Lower  Hungary,  142.  Hoi  zap- 
pel,  144.  Lohe,  Musen,  and  Ruthenbach,  145.  Pontgibaud,  150. 
Vialas,  153.  Lead  works  on  the  Rhone,  154.  Bottino,  155. 
Spain,  155. 


Digitized  by  VjOOQIC 


CONTENTS. 


IX 


Illustrations  of  the  Processes  for  Working  Rich  Lead 
Ores,  containing  Earthy  Matter,  but  little  Foreign 
Sulphides 156 

Bleiberg,  156.  Muhlgasse  Smelting  works,  156.  Miinsterbusch,  158. 
Ramsbeck,  159.    Ems,  159. 

2.  Treatment  of  Oxidised  Ores  and  Products       .         .  161 

Oxidised  Ores 161 

Redudlion  of  White  Lead  Ore  in  Reverberatory  Fur- 
naces          161 

Treatment  of  White  Lead  Ore  in  Cupola  Furnaces     .  162 
Illustrations  of  the  Cupola  Furnace  Process  for  Re- 
ducing White  Lead  Ores 163 

Altai  Smelting  Works,  163.    Miinsterbusch,  164.    Spain,  165. 

Reduction  of  Sulphate  of  Lead 168 

Treatment  of  Oxidised  Smelting  Produfts   .         .         .  171 

Redudlion  of  Litharge 171 

Redudlion  of  Litharge  in  Reverberatory  Furnaces       .  172 

Illustrations  of  the  Litharge  Redudlion  Process  .         .  172 

England,  172.     Holzappel,  175.     Poullaouen,  175. 

Redudlion  of  Litharge  in  Cupola  Furnaces          .         .     176 
Illustrations  of  the  Redudlion  of  Litharge  in  Cupola 
Furnaces 177 

Upper  Hartz,   177.     Lower  Hartz,   178.    Freiberg,   178.    Przi- 
bram,  179.    Tamowitz,  180. 

Redudlion  of  Litharge  in  Hearth  Furnaces          .         .     180 
Illustrations  of  the  ReduiStion  of  Litharge  in  Hearth 
Furnaces 181 

Barnaul  in  Siberia,  181.   Femezelyin  Hungary,  181.   Bottino,  x8z. 

Redudlion  of  Litharge  in  Scotch  Furnaces  .         .     182 

Pezey  and  Pontgibaud,  182. 

ReduiStion  of  the  Dross 182 

Illustrations  of  the  Processes  for  the  Redudlion  of  Dross     183 

upper  Hartz,  183.    Lower  Hartz,  184.    Przibram,  185.    Holzap- 
pel, 185.    Miisen,  185.    Ems,  186. 

Treatment  of  the  Bottoms  of  Furnaces        .         .         .  186 

Redudlion  of  Lead  Slags 186 

Illustrations  of  the   Processes  for  the   Redudlion  of 

Lead  Slags 187 

Freiberg,  187.    Tamowitz,  187.    Hettstadt,  187.    Sardinia,  187. 
Spain,  188. 

b 


Digitized  by  VjOOQIC 


X  CONTENTS. 

3.  Purification  of  the  Lead 188 

Foreign  Substances  contained  in  Lead,  188.    Signs  of  the  Purity 
of  Lead,  189.    Theory  of  the  Processes  for  the  Purification  of 
Lead,  189. 
The  Modes  of  Purification 190 

Skimming  the  Lead,  190.  The  Liquation  Process,  191.  Stirring 
the  melted  Lead  with  a  Birch  Pole,  191.  Pattinson's  Pro- 
cess, 192.  Oxidation  Smelting  in  Air  Reverberator/  Fur- 
naces, 192.  Oxidation  Smelting  in  Blast  Reverberatory  Fur- 
naces, 196.  Baker^s  Method  of  Calcining  Lead,  199.  Pontifex 
and  Glassford^s  Method  of  Calcination,  199. 

The  Annual  Production  of  Lead 200 

CHAPTER    II. 

SILVER. 

Principal  Ores  of  Silver 201 

Real  Silver  Ores,  201.  Argentiferous  Lead,  Copper,  Zinc,  &c. 
Ores,  204.    Dressing  the  Silver  Ores,  205. 

Synopsis  of  Processes  for  the  Extraction  of  Silver  from 
its  Ores 206 

Extradtion  of  Silver  in  the  Dry  Way  by  means  of  Lead,  206. 
Extradion  of  Silver  in  the  Wet  Way  by  Amalgamation,  210.  Mr. 
Crookes^s  Process  of  Extradion  by  means  of  Sodium  Amalgam, 
211.  Lixiviation  and  Precipitation  of  Silver  in  the  Metallic 
State,  211.  Patera^ 8  Process,  211.  Treatment  of  Argentiferous 
Raw  Copper  with  Sulphuric  Acid,  212.  Classification  of  the 
Processes,  212. 

Treatment  of  Argentiferous  Ores  and  Produdls  in  the 
Dry  Way,  by  means  of  Lead 213 

The  Readions  of  Lead,  214.  Readlion  of  Oxide  and  Sulphate  of 
Lead, 215. 

ProduiStion  of  Argentiferous  Lead  (Raw  Lead)     .        .    216 

Treatment  of  rich  Silver  Ores 216 

Smelting  of  rich  Ores  in  Crucibles       .        .         .        .216 

Former  mode  at  Kongsberg,  217 

Refining  Native  Silver 217 

Fusing  rich  Silver  Ores  with  Raw  Lead  in  the  Cupelling 

Process 218 

Theory  of  the  Process,  ai8.  Andreasberg,  ai8.  Poullaouen,  218. 
Freiberg,  219. 

Smelting  rich  and  moderately  rich  Silver  Ores  with 
Lead  Compounds 219 

Illustrations  of  the  Processes  of  Smelting  rich  Silver 
Ores 219 

Andreasberg,  219.     Hungary,  220.    Allemont,  220.    Freiberg,  220. 


Digitized  by  VjOOQIC 


CONTENTS.  XI 

Treatment  of  Argentiferous  Lead  Ores        .        .        .     221 
Treatment  of  Argentiferous  Copper  Ores     .         .         .221 
Illustrations  of  the   Processes   for  the   Redudlion   of 
Argentiferous  Copper  Ores 221 

Lohe  and  Miisen,  221.     Freiberg,  221. 

Raw  Smelting  of  poor  Diirr  Ores  ....     222 

Theory  of  the  Process,  222.  The  Formation  of  a  suitable  Mix- 
ture, 222.    The  Raw  Smelting  Process,  226. 

Illustrations  of  the  Raw  Smelting  Process  in  Cupola 
Furnaces 228 

Kongsberg,  228.     Lend,  229.     Hungary,  230. 

Lead  Process  with  Argentiferous  Matts        .        .         .     233 

Smelting  Methods,  233. 

Desilverising  the  Matt  by  means  of  Metallic  Lead      .     233 

Theory  of  the  Process,  233-    Applicability  of  the  Process,  233. 
Illustrations  of  Desilverising  Matt  by  fusion  with  Lead     234 

Altai,  234.    Kongsberg,  234. 

Desilverising  the  Matt  by  means  of  Lead  Ores  and 

Produfts 237 

Illustrations  of  the  Process 237 

Hungary,  237.     Lend,  238.     Freiberg,  239. 

Desilverising  Matt  by  Lead  Produdls  and  Copper        .     245 

Theory  of  the  Process,  245.  Smelting  with  Black  Copper,  246. 
Abdarr  Process,  246. 

Lead  Process  with  Argentiferous  Speiss       .         .         .     246 

Different  Modifications  of  the  Process,  246. 

Lead  Process  with  Argentiferous  Black  Copper   .         .     247 

Cupellation  of  Black  Copper,  247.   Liquation  of  Black  Copper,  247. 

Manipulations  of  the  Liquation  Process       .         .         %     248 

Reducing  the  Black  Copper  into  small  fragments,  248.  Alloying 
the  Black  Copper  with  Lead,  249.  The  Liquation  Process,  250. 
The  Process  of  Sweating,  251. 

Extradlion  of  Silver  from  Raw  Lead  .         .         .         .251 

Cupelling  Process,  251.  Pattinson's  Process,  252.  Parkes's  Pro- 
cess, 253. 

Pattinson's  Process 253 

Theory  of  the  Process,  253.  Systems  of  Crystallisation,  253. 
Circumstances  which  influence  the  Process,  257.  Comparison 
between  Cupellation  and  Pattinson's  Process,  258.  Produds 
of  Pattinson's  Process,  259. 

Apparatus  for  Pattinson's  Process        ....     261 

Pattinson's  Pans,  261.  Furnaces  for  reducing  the  Dross  from  the 
Pans,  263. 


Digitized  by  VjOOQ IC 


Xll  CONTENTS. 

High  (Thirds)  System  of  Crystallisation      .         .         .     264 

Manipulations,  264.  Table  explaining  the  operations  of  Pattinson's 
Process,  266. 

Illustrations  of  the  High  System  of  Working  without 
Intermediate  Crystals 267 

Upper  Hartz,  267.  MUnsterbusch,  261.  Tamowitz,  269.  Eng- 
land, 270. 

Illustrations  of  the  High  System  of  Working  with 
Intermediate  Crystals 271 

England,  271.     Freiberg,  271. 

Low  System  of  Crystallisation 273 

Manipulations,  273. 

Illustrations  of  the  Low  System  of  Crystallisation      .     274 

Binsfeldhammer,  273.     Bleiberg,  274.    Commem,  274. 

Cupelling  the  Raw  Lead 274 

Theory,  274.     Methods  of  Cupellation,  275. 

The  German  System  of  Cupellation     ....     275 

The  Process  and  its  Modifications,  275.    Cupelling  Furnaces,  276. 

Manipulations  of  the  Cupelling  Process       .         .         .     278 

The  Formation  of  the  Hearth,  278.  The  Charging  of  the  Raw 
Lead,  279.  Melting  the  Lead,  279.  The  Formation  of  Litharge, 
280.  The  period  of  Brightening,  284.  The  Loss  of  Metal  in 
the  Process,  286. 

Illustrations  of  the  German  Cupelling  Process    .         .     287 

(Cupelling  without  After-charge  with  Wood),  Upper  Hartz,  287. 
Lower  Hartz,  288.  Przibram,  288.  Ems,  289.  Pontgibaud,  289. 
Kongsberg,  290.  (Cupelling  without  After-charge  with  Coal), 
Tamowitz,  290.  Vialas,  291.  (Cupelling  with  After-charge  with 
Wood),  Freiberg,  292.  Kremnitz,  293.  Altai,  293.  (Cupelling 
with  After-charge  with  Coal),  Siegen,  293.  Holzappel,  294.  (Cupel- 
ling with  Concentration  of  the  Raw  Lead),  Tamowitz,  295. 

The  English  System  of  Cupellation     ....     295 

The  Process,  295.  Cupelling  Furnaces,  296.  Manipulations  in  Cupel- 
ling, 299. 

Illustrations  of  the  English  Cupelling  Process     .        .     300 

Lead  Works  in  England,  300.    Stolberg,  301. 

Refining  the  Brightened  Silver 302 

The  Process,  302.  Methods  of  Refining,  302.  Produds  of  the 
Process,  303. 

Refining  in  Cupelling  Furnaces 304 

Lohe,  304. 

Refining  by  the  aid  of  Blast 305 

Refining  in  the  Muffle 305 

Oker,  306.    Clausthal,  306.    Vidor  FriedrichshUtte,  307. 


Digitized  by  VjOOQ IC 


CONTENTS.  Xlll 

Refining  in  Reverberatory  Furnaces     ....     307 

The  Process  and  its  Advantages,  307. 

Refining  in   Reverberatory    Furnaces  with   Movable 
Hearth  or  Test 308 

Tarnowitz,  308.   England,  309.   Poullaouen,  309.   Kongsberg,  310. 

Refining  in  Furnaces  with  Fixed  Hearth      .         .         .     310 

Przibram,  311.     Freiberg,  312.     Mansfeld,  313. 

Refining  in  Crucibles 314 

Pontgibaud,  314.    Vialas,  315.    Arany-Idka,  315. 

The  Extra<5tion  of  Silver  from  Rich  Lead  by  means  of 
Zinc 315 

(Parkes's  Process).  Theory  of  the  Process,  315.  Llanelly,  316. 
Tarnowitz,  317. 

Extraftion  of  Silver  in  the  Wet  Way  .         .         .         -317 

Theory,  317. 

Extraction  of  Silver  by  means  of  Mercury  (Amalgama- 
tion)   317 

Theory,  317.    Methods  of  Amalgamation,  318. 

European  Process  of  Amalgamation  in  Casks      .        -319 

Its  Advantages  and  Disadvantages,  319. 
Amalgamation  of  Silver  Ores 319 

Nature  of  the  Ores  required  for  Amalgamation,  319. 

Manipulations  of  the  Amalgamation  Process        .         .     320 

Pounding  the  Ore,  320.  Mixing  the  Ore,  320.  Roasting  the 
Ore,  320.  The  Amalgamation,  321.  Treatment  of  the  Resi- 
dues, 326.  Treatment  and  Distillation  of  the  Amalgam,  327. 
Arany-Idka,  330.   Huelgoet,  331.     Spain,  331.    Mexico,  331. 

Amalgamation  of  Argentiferous  Matt  .         .        .        -331 

Amalgamation  of  Speiss 332 

Amalgamation  of  Black  Copper  .        ....    333 

The  American  System  of  Amalgamation  in  Heaps       .     335 
Advantages  of  this  System,  335.    Theory,  338.    The  Process  as 
carried  on  in  Mexico  and  Bolivia,  342. 

Mr.   Crookes's   Process  of   Extra<5tion  by  means    of 

Sodium  Amalgam 347 

Advantages  of  the  Process,  347.  Preparation  of  the  Amalgams,  349. 
Using  the  Amalgam,  350, 

Illustrations  of  the  Sodium  Amalgamation  Process      .     352 

Reports  on  Mr.  Crookes's  Process,  353. 

Treatment  of  Silver  Ores  and  Argentiferous  Products 
in  the  Wet  Way  (by  Solution  and  Precipitation)      .    364 

Different  Methods,  364. 


Digitized  by  VjOOQ IC 


XIV  CONTENTS. 

Augustin's   Process  of    Extrafting  Silver  with   Salt 
Water 364 

Theory  of  the  Process,  364.  Comparison  with  the  Amalgamation, 
365.  Substances  best  adapted  for  the  Process,  366.  Treating 
the  Substances,  366. 

Augustin's  Process  for  the  Treatment  of  Copper  Matt     368 

Manipulations,  368.     Freiberg,  370. 

Augustin's  Process  for  the  Treatment  of  Speiss   .         .  375 

Augustin's  Process  for  the  Treatment  of  Black  Copper  376 
Ziervogel's   Method  of  Extracting  Silver  with   Hot 

Water 378 

Theory  of  the  Process,  372.  Comparison  with  Augustin*s  Pro- 
cess, 379.    Operations,  380. 

Extraftion  of  Silver  by  Means  of  Hyposulphites  .     391 

Different  Methods,  391.  Patera^s  Method,  as  carried  on  at  Joachims- 
thal,  393. 

Extraction  of  Silver  with  Sulphuric  Acid     .         .         .     395 
The  Process,  395.    Comparison  with  the  Liquation  Process,  396. 
Freiberg,  397.    Lower  Hartz,  399. 

CHAPTER    III. 

ZINC. 

Principal  Ores  of  Zinc 402 

Calamine,  402.  Hydrated  Carbonate  of  Zinc,  403.  ^Red  Zinc 
Ore,  404.    Zinc  Blende,  404.    The  Zinc  Ores  of  England,  404. 

Synopsis  of  Processes  for  the  Extraction  of  Zinc  from 
its  Ores    .         .         . 405 

Theory  of  the  Process,  405.  Improvements,  408.  Manipu- 
lations, 409. 

I.  Preparation  of  Zinc  Ores 409 

a.  Calcining  and  Roasting  Zinc  Ores  ....     409 

Calcination  in  Cupola  Furnaces,  410.  Altenberg,  410.  Spain,  410. 
Calcination  in  Reverberatory  Furnaces,  411.  The  Roasting  of 
Zinc  Blende,  412.  Behaviour  of  Blende  in  Roasting,  412.  Bor- 
beck,  415.  Llansamlet,  415.  Crockford^s  Method,  416.  Moris- 
ton,  416.     Przibram,  417. 

b.  Dividing  the  Calcined  or  Roasted  Ores    .         .         .     420 

c.  Mixing  the  Zinc  Ores 421 


Digitized  by  VjOOQ IC 


CONTENTS.  XV 

2.  Distillation  of  Zinc 422 

Theory,  422.  Different  Modes  of  Distilling  Zinc,  423.  Circum- 
stances modifying  the  Different  Methods: — The  Price  and 
Quality  of  Coal,  424.  The  Price  and  Quality  of  the  Clay,  425. 
The  Amount  of  Zinc  in  the  Ores,  426.  The  Influence  of  Foreign 
Substances  in  the  Ore,  426.  The  Extension  of  the  Produc- 
tion, 427.  The  Cost  of  Furnaces,  427.  The  Skill  of  the  Work- 
men, 427. 

The  Belgian  Method  of  Extracting  Zinc      .         .         .     428 

Utility  of  the  Method,  428.  Furnaces,  428.  Manufadure  of  the 
Retorts,  429.  Construdion  of  the  Furnaces,  431.  Manipulations 
of  the  Distillation  of  Zinc,  432. 

Illustrations  of  the  Belgian  Process     ....     434 
a.  Treatment  of  Calamine 434 

Moresnet,  434,    Angleur  and  St.  Leonhard,  435. 

6.  Treatment  of  Blende 435 

Corphalie,  435. 

The  Silesian  Process 436  I 

Utility  of  the  Process,  436.  Different  Systems  of  the  Process,  436.  I 

Silesian  System 436 

Furnaces,  436.  Number  of  Muffles,  437.  Manufadure  of  Muffles, 
438.  Manufadure  of  the  Adapters,  440.  Furnace  at  Llansamlet 
for  burning  Muffles,  439.  Construdion  of  the  Muffle  Furnaces,  441  ! 

Illustrations   of   the   Process  for    the  Treatment  of  ^ 

Calamine 442 

Upper  Silesia,  442.     Steinfurth  near  Stolberg,  445. 

Illustrations  of  the  Process  for  the  Treatment  of  Blende    446 

Heinrichshiitte  near  Stolberg,  446.  Friedrich  Wilhelmshiitte  near 
Stolberg,  446.    Llansamlet,  447.  i 

Belgian-Silesian  System  of  Extradting  Zinc        .         .    448 

Peculiarity  of  the  Furnaces,  448.  Number  of  Muffles,  448. 
Adapters,  449.  Construdion  of  the  Furnaces,  450.  Furnaces 
with  two  rows  of  Muffles  one  above  the  other,  452. 

The  Distillation  of  Zinc 453 

Illustrations  of  the  Belgian-Silesian  System        .        .    454 

Valentin  Cocq  and  Flone  in  Belgium,  454.    Berge-Borbeck,  454. 

The  Old  English  Process  for  Reducing  Zinc        .        .    455 

The  Process  and  its  DisadvanUges,  455.  Furnaces,  455.  Produc- 
tion, Importation  and  Exportation  of  Zinc  in  England,  457. 

Extraction  of  Zinc  in  Cupola  and  Reverberatory  Fur- 
naces         457 

Disadvantages  of  these  Processes,  457. 


#^ 


Digitized  by 


Google 


XVI 


CONTENTS. 


Illustrations  of  these  Processes 458 

Upper    Hartz,    458.     Broomann*B  Method,  458.     Rochax,  459. 

£.  Dyar,  459.  F.  Darlington,  459.    A.  Accarin,  459.    H.  Miiller 

and  Lencauchez,  460. 
Treatment  of  the  Produifts  of  the  Reducing  Processes      460 
a.  Re-melting  and  Refining  the  Raw  Zinc   .        .        .    460 

Produds]  and  By-produds,  460.  Re-melting  in  Crucibles,  460. 
Refining  in  Reverberatory  Furnaces,  462.  Impurities  of  Zinc 
and  their  Influences,  463.  Influence  of  the  Temperature  at 
which  the  Zinc  is  cast,  465. 

Reduction  of  Zinc  Dust 465 

Composition  of  Zinc  Dust,  465.  Redudion  in  Distillation  Vessels, 
466.    Montefiore^s  Furnace,  466. 

Working  the  Residues  and  Deposits    ....    466 
The  Annual  Produiftion  of  Zinc  in  Europe  .        .        .    467 

CHAPTER    IV. 

CADMIUM. 

Ores 468 

Calamine,  468.    Blende,  468.    Cadmia  Fomacum,  468. 
Production  of  Cadmium 469 

Processes,  469. 
Illustration  of  the  Production  of  Cadmium  .         .    469 

Upper  Silesia,  469. 

Uses  of  Cadmium 470 

CHAPTER    V. 

TIN. 

Principal  Tin  Ores 471 

Tin  Stone  (Cassiterite),  471.  Wood  Tin,  471.  Stannine,  471. 
Cornish  Ores,  472. 

Synopsis  of  Processes  for  the  Extraction  of  Tin  from 

its  Ores 473 

Certain  Properties  of  the  Oxide  of  Tin,  474.  The  Quality  and 
Quantity  of  the  Earthy  Associates,  474.  The  Quality  of  the 
Metallic  Associates,  475. 

Preparation  of  Tin  Ores 475 

Mechanical  and  Chemical  Treatment,  475. 

Soft-burning  of  the  Ore  previous  to  its  Dressing  .         .    475 

Altenberg  in  Saxony,  475. 

Mechanical  Dressing  of  Tin  Ores        ....    476 

Dressing  Operations,  476.  Comparison  of  Mining  and  Dressing 
of  Tin  Ores,  476. 


Digitized  by  VjOOQ IC 


CONTENTS.  XVll 

Roasting  the  Concentrated  Tin  Schlich       .        .        .    476 

Obje^  of  the  Roasting,  476.  Process,  477.  Furnaces  with  one 
Hearth,  478.     Brunton*s  Patent  Calciner,  479. 

Washing  the  Roasted  Schlich 482 

Treatment  of  the  Purified  Tin  Schlich  with  Acids       .    483 

Method  in  Saxony,  483.  Mitchell's  Method,  483.  Method  in  Corn- 
wall, 483. 

Purification  of  Tin  Ores  from  Wolfram       .        .        .    484 
Influence  of  Wolfram,  484.      Oxland's  Smelting  Method,  484. 
Method  at  Zinnwald,  485.    Method  at  Schlaggenwald,  485. 

Smelting  Tin  Ores 486 

Smelting  in  Cupola  or  in  Reverberatory  Furnaces,  486.  Smelting 
Produds,486,  Crude  Tin,  486.  Tin  Ore  Slags,  489.  Deposits,  490. 
Furnace  Ends,  490.    Ore  Dust,  490. 

Redudlion  of  Tin  Ores  in  Cupola  Furnaces         .        .    490 

Applicability  of  this  Process,  490.  Ore  Mixture,  490.  Fur- 
naces, 491. 

Illustrations  of  the  Process  of  Redu<5tion  in  Cupola 
Furnaces 491 

Altenberg  in  Saxony,  491.  Annual  Produdion  of  Tin  in  Saxony 
and.Bohemia,  495.  Re-melting  of  the  Slags,  496.  Schlaggenwald 
in  Bohemia,  497.    Bretagne  (France),  498. 

Reduction  of  Tin  Ores  in  Reverberatory  Furnaces      .    492 

Truro  in  Cornwall,  499, 

Annual  Produdlion  of  Tin  in  different  Countries .        .    503 

CHAPTER     VI. 
MERCURY. 

Principal  Ores  of  Mercury 504 

Cinnabar,  504.  Native  Mercury,  504.  Mercurial  Fallow  Ores,  504. 
Dressing  of  Mercury  Ores,  504. 

Synopsis  of  Processes  for  the  Extraiftion  of  Mercury 
from  its  Ores 505 

Chemical  ReadUons,  505.  Distilling  Apparatus,  505.  Con- 
densers, 505.  Classification  of  the  Processes,  506.  Produds  of 
the  Processes,  506, 

Extraiftion  of  Mercury  by  Roasting  Ores  containing 

Sulphide  of  Mercury 507 

Advantages  and  Difficulties  of  this  Method,  507.  Condensers,  507. 
Construaion  of  Furnaces,  508. 
Illustrations  of  the  Process  of  Extradling  Mercury  in 

Mounds 509 

Hungary,  509. 

c 


Digitized  by  VjOOQ IC 


Xviii  CONTENTS. 

Illustrations  of  the  Extradlion  of  Mercury  in  Cupola 
Furnaces  with  interrupted  operations       .        .        •     511 

Old  Process  in  Idria,  5x1.  Process  at  Almaden,  5x4.  California,  5x7. 

Illustrations  of  the  Extraction  of  Mercury  in  Cupola 
Furnaces  with  continuous  operations        .        .        .518 

New  Process  in  Idria,  5x8.   Tuscany,  520.   Vallatain  Venetia,  52X. 
California,  52X. 

Illustrations  of  the  Extraftion  of  Mercury  in  Rever- 
beratory  Furnaces  with  continuous  operations .        .521 

Idria,  521. 

Extraction  of  Mercury  by  the  Decomposition  of  Cinna- 
bar by  Fluxes  in  Closed  Vessels       .        .        •        .    524 
Modifications  of  the  Process,  525,    Comparison  "between  Furnaces 
with  interrupted  operations,  and  Ure's  Furnace,  525. 

Illustrations  of  the  Process  of  Extrafting  Mercury  in 
Furnaces  with  interrupted  operations       .        .        •     525 

Older  Method  in  the  Palatinate,  525.   Horzowith  in  Bohemia,  527. 
Zalathna  in  Transylvania,  527. 

Illustrations  of  the  Extraction  of  Mercury  in  Furnaces 
with  continuous  operations       .        .  .        .528 

New  Method  in  the  Palatinate,  528.      New  Almaden  and  New 
Idria  in  California,  530 
Produdlion  of  Mercury  throughout  the  World     .        -531 

CHAPTER    VII. 
BISMUTH. 

Principal  Ores  of  Bismuth 532 

Native  Bismuth,  532.    Bismuth  Glance,  532. 

Synopsis  of  Processes  for  the  Extradlion  of  Bismuth 

from  its  Ores 532 

The  Liquation  Process 532 

Produds  of  the  Process,  533. 

Extraction  of  Bismuth  by  Smelting  in  Crucibles  .    535 

Illustrations  of  the  Liquation  Process         .        •        .    536 

Liquation  in  Open  Heaps,  536.  Liquation  on  Hearths,  536.   Liqua- 
tion in  Iron  Tubes,  536.    Schneeberg  in  Saxony,  537. 

Illustrations  of  the  Extradlion  of  Bismuth  in  Crucibles    538 

Joachimsthal,  538. 

CHAPTER    VIII. 

ANTIMONY. 

Principal  Ores  of  Antimony 540 

Grey  Antimony  Ore,  540.  Berthierite,  540.  Senarmontite,  540.  Red 
Antimony,  540. 


Digitized  by  VjOOQ IC 


CONTENTS.  XIX 

Synopsis  of  Processes  for  the  Extradlion  of  Crude 
Antimony  and  Regulus  of  Antimony  from  their  Ores    541 

Produdlion  of  Crude  Antimony 541 

Theory,  541.     Associates  of  Crude  Antimony,  541.     Modes  of 
Liquation,  542. 

Liquation  of  Crude  Antimony  in  Reverberatory  Furnaces    542 

Ram^,  542. 

Liquation  of  Crude  Antimony  in  Crucibles  .        .        •    543 
Liquation  in  Crucibles  in  an  Open  Fire      .  .    543 

Wolfsberg,  543.    Malbosc,  543.    Magnrka,  544. 

Liquation  in  Vessels  standing  in  Closed  Furnaces       .    544 

Furnaces  necessitating  Interrupted  Operations,  544.  Lincouln,  545. 
Furnaces  with  Continuous  Operation8,545.  Malbosc  (France),  546. 

Producaion  of  Regulus  of  Antimony    ....    546 

Theory,  546. 

Produdlion  of  Regulus  of  Antimony  from  Crude  Anti- 
mony         547 

Roasting  ReduAion  Process,  547.  Hungary,  547.  Oxidation  by 
means  of  Saltpetre  and  RedudHon,  548.  Smelting  with  Iron  and 
Fluxes,  548.  Methods  of  Berthier,  Liebig  and  Bensch,  Karsten, 
549.    Magurka,  S49» 

Produftion  of  Regulus  of  Antimony  direft  from  Ores     549 

Smelting  Ores  in  Crucibles 550 

Rotherhithe,  550. 

Smelting  the  Ores  in  Reverberatory  Furnaces    .        .    550 

Sept^mes  and  Bouc,  550. 

Smelting  the  Ores  in  Cupola  Furnaces        .        .        -    551 

Sept^mes  and  Bouc,  551. 

Purification  of  Raw  Antimony 552 

Theory,  552.  Rotherhithe,  552.  Sept&mes  and  Bouc,  553.  Methods 
of  W5hler,  Meyer,  Schiel,  Berzelius,  and  Muspratt,  553. 

CHAPTER    IX. 

NICKEL. 

Principal  Ores  of  Nickel 554 

Kupfer-Nickel,  554.  Chloantite,  554.  Nickel  Speiss  Glance,  554. 
Nickel  Glance,  554.  Antimonial  Nickel  Glance,  554.  Nickel 
Ochre,  554.  Ores  of  Nickel  in  Great  Britain,  555.  Nickeliferous 
Smelting  Produds,  556. 

Synopsis  of  Processes  for  the  Produdlion  of  Nickel     .    556 
Concentration  Smelting  of  Nickel  Ores        .        .        .    556 


Digitized  by  VjOOQ IC 


XX  CONTENTS. 

Concentration  Smelting  of  Nickel  Ores  for  the  Pro- 
dudlion  of  Matt 556 

Theory,  556.    Process,  557. 

Illustrations  of  the  Concentration  Smelting  for  the 
Produdlion  of  Matt 558 

Dillenburg,  558.  Gladenbach,  560.  Klefva,  560.  Varallo  in  Pied- 
mont, 560. 

Concentration  Smelting  for  the  Produdlion  of  Speiss  .    561 

Theory,  561.    Raw  Materials,  561. 

Illustrations  of  the  Smelting  of  Arsenical  Nickel  Ores 
for  the  Produdlion  of  Speiss 56a 

Sangershausen,  562.  Schladming,  562.  Birmingham,  562.  Cams- 
dorf,  563 

Illustrations  of  the  Concentration  of  Speiss  produced 
by  the  Copper  and  Lead  Smelting  Processes    .        .     563 

Freiberg,  563.    Lower  Hartz,  563. 

Illustrations  of  the  Smelting  of  Intermediate  Produdls 
(Matt,  Slag)  free  from  Arsenic,  for  the  Produdlion  of 
Nickel  Speiss 564 

Altenau,  564.    Joachimsthal,  566. 

Concentration  Smelting  for  the  Produdlion  of  Black 
Copper,  or  Nickel  Deposits 566 

Mica  Copper,  566.    Chenot's  Mode,  567. 

Produdlion  of  Metallic  Nickel,  or  of  Copper-Nickel 
Alloys 567 

Theory  of  the  Process,  567.  Nature  of  Nickel,  567.  Marketable 
Nickel,  567.  Analyses  of  Commercial  Nickel,  569.  Value  of 
Nickel,  569. 

Produdlion  of  Nickel  in  the  Dry  Way  .         .        .     569 

Oldest  Methods,  569.    Rose*s  Method,  570.    Dillenburg,  570. 

Produdlion  of  Nickel  in  the  Wet  Way        .         .         .     570 

Roasting,  570.  Matt  Roasting,  571.  Speiss  Roasting,  571.  Re- 
agents employed  to  Extrad  Nickel  in  the  Wet  Way,  572. 

Illustrations  of  the  Process  of  -Extradling  Nickel  from 
Speiss  or  Arsenical  Ores 576 

Erdmann's  Older  Method,  576.  Louyet's  Method,  576.  Methods 
of  Ruolz,  Thomson,  and  Cloez,  577, 578.  More  recent  Method 
at  Joachimsthal,  578.    Treatment  of  Cobalt  Ores  at  Modum,  578. 

Illustrations  of  the  Processes  for  the  Produdlion  of 
Nickel  from  Matt 579 

Staph's  Method  at  Klef\a,  579.     Dillenburg,  580. 


Digitized  by  VjOOQIC 


CONTENTS,  XXI 

Illustrations  of  the  Processes  for  the  Extradlion  of 
Nickel  from  Refined  Copper  and  Impure  Nickel       .    582 

Gottesbelohnungshutte  (Mansfeld),  5^2.  Ruolz's  Method  of  Puri- 
fying Nickel,  583.     Deville*8  Method,  583, 

CHAPTER    X. 
ARSENIC. 

Principal  Ores  of  Arsenic 584 

Native  Arsenic,  584.    Mispickel,  585. 

Synopsis  of  Processes  for  the  Extraftion  of  Arsenic 
.    from  its  Ores,  and  for  the  Produdlion  of  its  chief 

Chemical  Combinations 585 

Theory  of  the  Processes,  585. 
Produdlion  of  Metallic  Arsenic    .        .        .        .        ,    585 
AUotropic  Modifications  of  Arsenic,  585.    Materials,  586.-    Fur- 
naces, 587. 

Illustrations  of  the  Production  of  Metallic  Arsenic    .    588 

Reichenstein,  588.    Ribas,  589.    Altenberg,  589. 

Produ(5lion  of  Arsenious  Acid  (White  Arsenic,  Arsenic 
Glass) 590 

Principal  Operations — Produdion  of  Pulverulent  Arsenious  Acid  by 
Roasting  Arsenical  Substances,  590.  Refining  of  the  Giftmehl 
for  the  Produdion  of  Arsenic  Glass,  593.     Produds,  595. 

Illustrations  of  the  Produ(5lion  of  Arsenious  Acid  in 

Muffle  Furnaces 596 

Altenberg  in  Saxony,  596.  Reichenstein,  596.  Andreasberg  in 
the  Hartz,  598. 

Illustrations  of  the  Produftion  of  Arsenious  Acid  in 
Reverberatory  Furnaces  with  Diredl  Firing     .        .     599 

Ribas  in  Spain,  600. 

Illustrations  of  the  Produdlion  of  Arsenious  Acid  in 
Gas  Reverberatory  Furnaces 600 

Freiberg,  600.    Ribas,  601. 

Produ(5lion  of  Coloured  Arsenic  Glass  (Realgar  and 
Orpiment) 6oa 

Realgar,  602.    Orpiment,  604. 
Illustrations  of  the  Produftion  of  Realgar    .        •        .    605 
Production  of  Realgar  from  Iron  and  Arsenical  Pyrites    605 

Saxony,  605.    Ribas,  606. 

Produdlion  of    Realgar  from  Arsenical   Pyrites  and 
Sulphur 607 

Reichenstein,  607. 


Digitized  by  VjOOQ IC 


I      f 


XXU  CONTENTS. 

Produdlion  of  Realgar  from  Arsenious  Acid  and  Sulphur    607 

Andreasberg,  607. 

Produ(5Uon  of    Realgar  from    Metallic  Arsenic    and 
Sulphur 607 

Reichenstein,  607. 

Illustration  of  the  ProduiStion  of  Orpiment .        .  607 

Reichenstein,  607. 

CHAPTER   XI. 
GOLD. 

Principal  Ores  of  Gold 609 

Native  Gc^d,  609.    Tellurides  of  Gold,  610.    The  Califomian  Gold 
Mines,  611.    Australian  Gold  Mines,  615. 

Synopsis  of  Processes  for  the  Extradlion  of  Gold  from 
its  Ores 616 

Processes,  Mechanical,  Chemical,  and  combinations  of  both  kinds, 
617. 

Produdlion  of  Argentiferous  Gold         ....    622 
Extradtion  of  Gold  from  Gold  Sand     .        .        .        .    622 

Amounts  of  Gold  in  Sand,  6a2. 
Extradlion  of  Gold  by  Washing  Gold  Sand .        .        .    623 

Modes  of  Washing,  623.    Places  where  Gold  is  Washed,  624. 

Extraction  of  Gold  by  Washing  and  Amalgamating 

Gold  Sand 624 

Manipulations,  624. 

Extra(5lion  of  Gold  by  Smelting  the  Gold  Sand   •        .    625 

Siberian  Experiments,  625. 

Extraction  of  Gold  from  Earthy  Minerals    .        .        .    623 
Crushing  and  Washing  the  Ores,  625.    Washing  and  Amalga- 
mating, 625. 

Illustrations  of  the  Extradlion  of  Gold  from  Auriferous 
Quartz 626 

Mexico,  626.     California  and  Australia,  626.    Brazil,  627.    Tran- 
sylvania, 627.    Tyrol,  627. 

Smelting  Poor  Earthy  Gold  and  Silver  Ores  with  Iron 
Pyrites,  and  Treating  the  resulting  Matt  with  Lead     627 

Oifenbanya,  628.    Szalathna,  628.    Longmaid's  Method,  628. 

Extraction  of  Gold  from  Sulphuretted  Ores  .        .     628 

Different  Methods,  628.    Loss  of  Gold  by  Roasting  Gold  Ores,  629. 

Extraction  of  Gold  by  Washing  Weathered  Pyrites     .    630 

Marmato,  630. 


Digitized  by 


Google 


CONTENTS.  XXUl 

Extradtion  of  Gold  from  Sulphuretted  Ores  by  Washing 

and  Amalgamating 630 

Mill  Gold,  630.    ModificationB,  631.    Amalgamating  Milla,  631. 

Illustrations  of  the  Process  of  Washing  and  Amalga- 
mating Sulphuretted  Ores 632 

Schemnitz,  632.    Zell  in  the  Tyrol,  635. 

Extradlion  of  Gold  from  Auriferous  Copper,  Silver,  and 
Lead  Ores  by  Fusion  with  Lead       ....    635 
Processes,  635. 

Extradlion  of  Gold  from  Sulphuretted  Ores  and  Smelt- 
ing Produdls,  &c.,  by  Solution  and  Precipitation      .    636 

Plattner's  Method,  636. 
Illustrations  of  Plattner's  Process        •         .         .        .    638 

Reichenstein,  638.    Schemnitz,  643. 

Calvert's  Method  of  treating  Auriferous  quartz    .         .    645 
Chlorination  of   Auriferous  and  Argentiferous    Sub- 
stances, and  Extradlion  of  Gold  and  Silver  at  the 
same  time 645 

Theory,  645.  Kiss's  Method,  646.  Patera's  Method,  (S47.  RSszner's 
Method,  647. 

Lixiviation  with  Sulphuric  Acid 647 

Process,  647.  Lowe's  Method  for  Treating  Tellurides  of  Oold, 
648. 

Separating  (Parting)  Gold  from  Silver  .        .        .    648 

Purification  of  the  Alloy  from  Base  Metals,  648. 

Parting  of  Gold  from  Silver  in  the  Dry  Way       .        .    649 
Parting  of  Gold  by  Grey  Antimony  Ore       .        .        .    649 

Theory,  649.    Process,  649. 

Parting  of  Gold  by  means  of  Litharge  and  Sulphur     .    649 

Oker,  649.    Kremnitz,  649. 

Extradlion  of  Gold  by  Cementation  .        -        .    650 

Manipulation,  650.    Boussignault's  Investigations,  650. 

Parting  of  Gold  from  Silver  in  the  Wet  Way      .        .    651 

Advantages  of  the  Wet  Way,  651. 

Parting  of  Gold  by  means  of  Nitric  Acid  (quartation)  .     651 

Theory,  651.    Manipulations,  651. 

Parting  of  Gold  by  means  of  Sulphuric  Acid        .        .    653 

Theory,  653.  St.  Petersburg,  653.  Vienna,  653.  Purification  of  the 
Alloy  fit)m  the  Base  Metals,  654.  Mascaxzini's  Mode  of  Puri- 
fication, 655.  Manipulations  of  the  Parting  Process,  655. 
Produds  of  the  Process,  656.    Gold,  656. 


Digitized  by  VjOOQIC 


XXIV 


CONTENTS. 


Extradtion  of  Iron,  Tin,  Antimony,  Arsenic,  and  Lead    658 

United  States,  658. 

Pettenkofer's  Process  for  the  Separation  of  Platinum 

from  Gold 658 

Gold  Grains  in  the  Slag,  659. 

Separation  of  Osm-iridium  from  Gold  ....    660 

Philadelphia,  660.  New  York,  660.  Bogolowk,  661.  d'Hennin's 
Mode,  66z.  Sulphate  of  Silver,  Sulphurous  Acid,  661.  Extrac- 
tion of  Silver  from  Sulphate  of  Silver,  662. 

Parting  of  Gold  in  Platinum  Vessels    ....    664 

Precautions  Required,  664.    Munich,  665.    St.  Petersburg,  666. 

Parting  of  Gold  in  Porcelain  Vessels  ....    666 

Oker,  665. 

Parting  of  Gold  in  Cast-iron  Vessels   ....    669 
Behaviour  of  Cast-iron,  669.   Vienna,  670.   Frankfort,  671.  Krem- 
nitz,  671,    Augsburg,  672. 

Extradtion  of  Gold  by  means  of  Aqua  Regia        .        .    672 

Theory,  672.    Manipulation,  672.    Agents  for  Precipitation,  672. 

Separation  of  Gold  from  Copper 674 

Fusion  with  Lead,  674.  Treatment  with  Sulphuric  Acid,  675. 
Treatment  with  Chlorine  according  to  Plattner's  Method,  675. 

Treatment  of  Auriferous  and  Argentiferous  Black 
Copper  by  means  of  Boiling  Concentrated  Sulphuric 
Acid 675 

Septimes,  675. 

CHAPTER    XII. 

PLATINUM. 

Principal  Ores  of  Platinum 678 

Native  Platinum,  678.  The  Chief  Distrids  in  which  Platinum 
occurs,  679. 

Processes  for  the  Extraftion  of  Platinum  from  its  Ores    68i 

Dressing  of  the  Platinum  Sand,  68z.  Composition  of  Raw  Plati- 
num, 682. 

The  Extradtion  of  Platinum  in  the  Wet  Way     .        .    682 

St.  Petersburg,  682. 

Extraftion  of  Platinum  in  the  Dry  Way      .        .        .    685 
Deville  and  Debray*s  Processes,  685. 


CHAPTER    XIII. 

SULPHUR. 

Principal  Sulphur  Ores 689 

Native  Sulphur,  689.     Metallic   Sulphides,  689.    Artificial   Pro- 
duds,  689. 


Digitized  by  VjOOQ IC 


CONTENTS.  XXV 

Synopsis  of  Processes  for  the  ExtradWon  of  Sulphur  .     6go 

Theoiy,  690.    Methods,  6go.    Refining  the  Sulphur,  691. 

Recovering  Sulphur  from  the  Residues  of  the  Soda 

Manufacture 691 

Methods  of  Gossage,  Favre,  and  Noble,  691.  Methods  of  L.  Mood, 
Scha£fher,  and  P.  W.  Hofinann,  Patented  in  England,  691.  L. 
Mond's  Process,  692.  Schaffiier's  Process,  699.  Hoiimann*s  Pro- 
cess, €99.  Process  in  operation  at  Dieuze,  699.  Spencer's 
Method,  705.  Classification  of  the  Processes,  706. 
Extradlion  of  Sulphur  from  Sulphurous  Earths  .  .  706 
Smelting  very  Rich  Ores  in  Pans         ....     706 

The  richest  Sicilian  Sulphurous  Earths,  706. 

Liquation  of  the  Sulphur  in  Apparatus        .         .         .     707 
Sicilian  Furnaces  (Calcarelle)  and  Covered  Heaps  (Calcaroni),  707. 
Former  Method  in  Sicily  in  Cylindrical  Furnaces,  707.    Classi- 
fication of  the  Sicilian  Ores,  708.    Mode  of  Liquation  in  Milos, 
708.   Methods  in  Spain,  708.    Liquation  in  Covered  Heaps,  708. 

Distillation  of    Sulphur   in   Closed   Vessels    (Tubes, 

Retorts,  or  Pans) 710 

The  Furnaces  used  in  Swoszowice,  710.  The  Oistillation  Psooeis 
at  the  Solfatara  of  Pouzzales,  7x2.  Improvonent  of  the  Pro- 
cess, 713.     Distillation  at  Radoboi,  7x3. 

Extraftion  of  Sulphur  from  Iron  Pyrites  and  Pyritic 
Ores 7x4 

Extraction  of  Sulphur  from  Iron  Pyrites  in  Closed 
Vessels 714 

Altsattel  in  Bohemia,  714.     Rosenau  in  Silesia,  7x5. 

Extraftion  of  Sulphur  from  Iron  Pyrites  in  Cupola 

Furnaces 716 

Johann-Georgenstadt,  716.  Breitenbninn,  7x6.  Simbink  (Russia) 
717.     Bmnfaut's  Method,  718. 

Refining  or  Purifying  the  Raw  Sulphur       .         .         .     717 
Purification  of  Sulphur  by  Re-melting        .        .        .    717 

Lower  Hartz,  717. 

Purification  of  Sulphur  by  Distillation        .        .        .     7x8 
Marseilles,  718.   Dujardin*8  Method,  720.  Method  in  Bome  German 
Establishments,  721. 

Supplement 723 

Comparisons  of  the  Dimensions  of  difineat  Rewrbersloiy  Fur- 
naces, and  the  Conclusions  to  be  drawn  from  (hem. 


Digitized  by  VjOOQ IC 


LIST 

OP 

WOOD    ENGRAVINGS. 


L£AD. 

FI08.  FAOB8. 

I — ^4  Reverberatory  Furnace  for  the  Carinthian  Process  27,  28 

5, 6  Doable  Reverberatory  Furnace  in  use  at  Bleiberg,  Ac.  30 

7,  8        Reverberatory  Furnace  used  at  Davos 32»  33 

9, 10  English  Reverberatory.  Furnace  in  use  in  Flintshire  .  38 

xz,  12      Slag  Hearth  used  at  Alston  Moor 42 

13 — 16    Castllian  Furnace 48 

17,  i8      French  Reverberatory  Furnaces 56 

19—22  Reverberatory  Furnaces  with  a  Fire-place  on  each  side     .  60,  61 

23, 24      —  Furnace  used  at  Escalette 67 

25, 26      Scotch  Hearth  Furnace 69 

27, 28  American  Hearth  Furnace  .......  74 

29, 30      Vogrs  Cupola  Furnace 77 

31           —  New  Cupola  Furnace 80 

32 — 36  Cupola  Furnaces  used  at  the  Upper  Hartz.                         .  loi — 104 

37 — ^41 for  Reducing  Litharge.  .  loi — 104 

42 — ^44 Lower  Hartz 122, 123 

45 — ^49  Furnaces  which  are  a  combination  of  Reverberatory  and 

Muffle  Furnaces  used  at  Freiberg  for  Roasting  Ores        .  129 — 131 

30 — 53  Wellner^s  Doable  Cupola  Furnace  used  in  Freiberg  .        .  132 — 135 

54*  55  Reverberatory  Furnace  used  in  Freiberg    ....  139,  140 

56 — 58 with  Two  Hearths,  one  above  the  other  .  151 

59, 60  English  Reverberatory  Furnace  for  Reducing  Litharge  173 

61—63  Lead  Calcining  Furnace  with  Cast-iron  Hearth  Pan  .        .  193, 194 

SILVER. 

64, 65  Cupola  (Sump)  Furnace  used  for  Raw  Smelting  230 

66 — 68    Liquation  Hearth 250 

69 — 72    Apparatus  for  Pattinson's  Process 261,262 

73 f  74  Reverberatory  Furnace  for  Reducing  Dross         ...  263 

75--78    German  Cupelling  Furnace 276,  277 

79, 80  Cupelling  Furnace  used  at  Vialas  in  France                       •291,  292 

81 — 85  English  Cupelling  Furnace  used  at  Stolberg  (Prussia)       .  296 — 298 

86, 87  Refining  Furnace  used  at  Tarnowitz,  (Hungary)  308 

88, 89 Poullaouen  (France) 309 

90,91 Przibram 311 


Digitized  by  VjOOQIC 


LIST   OF  WOOD   ENGRAVINGS, 


XXVU 


92, 93  Refining  Furnace  used  at  Mansfeld    .... 

94  Amalgamation  Machinery  used  in  Freiberg 

95  Section  of  the  Amalgamation  Works  at  Freiberg 

96  Apparatus  used  for  Distilling  the  Amalgam  in  Freiberg 

97  —  Arany-Idka     .        .        ,        , 

98  Stamps  for  Crushing  Ores  fMolinos)  in  Mexico 

99  Grinding  Mills  (Arrastras)  m  Mexico .... 
xoo,  xoi  Apparatus  for  the  Extradion  of  Silver  used  in  Freiberg 
102 — 105  Double  Roasting  Furnace  used  at  Mansfeld 

106  Apparatus  for  Extracting  Silver  with  Warm  Water   . 


3",  313 
322 

323 
328 
329 
336 
336 
371 
381,382 

389 


ZINC. 

107,  Z08      Cupola  Furnace  having  a  Fire-grate  used  in  Spain  for 

Calcination 410,411 

X09 — 1x3    Double  Muffle  Furnace  for  Calcination  used  in  Przibram  417 — 4x9 

X14,  XX5      Belgian  Furnaces  for  Distillation 431 

116             Retort  and  Adapters  used  on  the  Continent              .  432 
1x7,  xx8      Furnace  for  Burning  Muffles  used  at  Llansamlet,  near 

Swansea 439 

119,120      Muffle  Furnace  used  in  England 440 

X2I             —  and  Adapters 441 

122             Adapter  used  at  Valentin  Cocq       ....  449 

123  Adapter  used  at  Swansea 449 

X24             Muffle  and  Adapter  used  at  Borbeck         ....  449 

125 — 129    Belgian-Silesian  Distillation  Furnace       ....  450 
130             Muffle  Furnace  with  Two  Rows  of  Muffles  one  above  the 

other  used  at  Birkengang  near  Stolberg        .        .        .  452 

13  X,  132      Crucible  Furnace  used  at  Neath 456 

133 1 134      Pots  for  Re-melting    Zinc    used  at  Llansamlet    near 

Swansea 460 

i35t  136      Reverberatory  Furnace  for   Re-melting    Zinc  used  in 

Silesia 462 


TIN. 

i37f  13S  Roasting  Furnaces  with  Condensers,  as  used  in  Saxony 

139  Brunton*s  Calciner 

X40, 141  Smelting  Furnace  used  in  Saxony  and  Bohemia 

142  Furnace  for  Re-melting  Slags 

143,  Z44  Tin  Smelting  Furnace  at  Truro,  in  Cornwall   . 


478 
481 
492 
496 
499 


MERCURY. 

145 — X48  Old  Distilling  Apparatus  used  in  Idria                               .511 — 513 

149 — 152     Aludel  Furnaces  used  in  Almaden 514*515 

153*  154      Hahner*s  Distilling  Furnace 519 

155 — 157    Alberti*s  Distilling  Furnace 522 

158 — 160    Gallery  Furnace 526 

161 — 163    Ure's  Furnace 528, 529 


BISMUTH. 
164—166    Retort  Furnace  for  Liquating  Bismuth  used  in  Saxony 


ANTIMONY. 


167 
168 
169,  X70 


Apparatus  for  Liquating  Antimony  used  at  Wolfsberg    . 

Furnace  for  Liouating  Antimony  used  at  Malbosc  (France) 

Reverberatory  Furnace  for  Smelting  Roasted  Antimonial 

Ores  in  France 


536 


543 
545 

551 


Digitized  by  VjOOQI^ 


XXVlll  LIST  OF  WOOD   ENGRAVINGS. 

FIGS. 

ARSENIC. 

171, 172  Retort  Furnace  used  at  Riba8  (Spain) 
173 — 176  Arsenical  Furnace  used  at  Altenberg 
i77f  17^      Furnace  for  Refining  Arsenious  Acid  used  at  Reichen 

stein 

xyg  —  _  Working  Arsenical  Pyrites  used  at  Ribas 


589 
591 

597 
600 


GOLD. 

180  Seaion  in  the  Clunes  Gold  Mining  Field  f  Australia) 

x8i  —  of  a  portion  of  the  Ballarat  Gold  Field  (Australia) 

182  —    from    the    Boroondara   and    Balleen    Gold    Mines 

(Australia) 

183,  184      Gold  Mills,  used  at  Schemnitx .... 

185  Apparatus  for  Pressing  the  Auriferous  Mercury 

186  Distilling  the  Amalgam 

187 — 189 Extrading  Gold  used  at  Reichenstein 

190, 19X Extrading  Gold  used  at  Schemnitz 

192  Refining  Gold  used  at  the  Lower  Hartz 

193—196 Pressing  the  Silver  used  at  the  Lower  Hartz 


615 
616 

616 
632 
633 
634 
639,  640 

644 

667 

668,669 


197 


PLATINUM. 

Furnace  for  Melting  Platinum  Ores  . 


686 


SULPHUR. 

198  Covered  Heap  for  Liquating  Sulphur 

199 — 201  Furnaces  for  Distillation  used  at  Swoszowice 

202  Apparatus  for  Distillation  used  at  Radoboi 

203,  204 Marseilles 

205 — 207 Merxem  .... 


709 
710,  711 

713 

718 

720,721 


Digitized  by  VjOOQ IC 


A  PRACTICAL 

TREATISE  ON  METALLURGY. 


CHAPTER    I. 

LEAD. 
PRINCIPAL  ORES  OF  LEAD. 

In  these  ores  the  lead  is  contained  in  the  form  of  sulphide 
or  oxide.    The  principal  ores  are  the  following : — 

I.  Galena  (sulphide  of  lead),  PbS,  containing  86*57  per 
cent  Pb,  and  13*43  per  cent  S.  It  usually  contains  sulphide 
of  silver  in  an  isomorphous  state.  The  amount  of  silver 
varies,  in  most  cases,  between  o'oi  and  0*30  per  cent,  some- 
times rising  to  0*50,  or  even  i  per  cent.  In  the  latter 
case,  however,  silver  does  not  occur  as  isomorphous 
sulphide  of  silver,  but  as  silver  ore  disseminated  through 
the  galena.  Upon  treating  galena  by  reagents,  it  may 
frequently.be  ascertained  in  what  state  of  combination  the 
silver  exists  in  the  ore.  Malaguti  and  Durocher*  found 
silver  in  galena,  from  mere  traces  up  to  more  than  7  per 
cent.  The  amount  of  silver  varies  not  only  in  different 
deposits  of  the  same  locality,  but  sometimes  even  in  the 
same  bed,  and  is  found  to  bear  no  relation  whatever  to  the 
strudture  of  the  ore. 

*  Malaquti  and  Durocher,  in  Annales  des  Mines,  4  ser.,  torn,  xvii.,  1805 ! 
Fabre,  in  Bulletin  de  la  Soci^te  de  Tlndustrie  Min^rale,  torn,  iii.,  p.  281, 
1857-1858.    Berg.  u.  hiittenm.  Ztg.,  1859,  p.  446,  447. 
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It  appears  that  the  period  of  the  formation  of  the  ore  has 
had  an  essential  influence  upon  the  amount  of  silver  con- 
tained in  it ;  galena  in  veins  usually  possesses  a  greater 
amount  than  galena  in  beds,  or  when  diffused  through 
other  ores.  Moreover,  the  purest  galena  contains  the 
least  silver.  The  prevailing  opinion  that  lamellar  galena 
contains  more  silver  than  granular  galena,  and  that  in  the 
latter  the  silver  occurs  as  mechanically  included  sulphide, 
is  not  always  corredt.  Ores  containing  a  small  amount 
of  lead,  sometimes  owe  their  entire  value  to  the  other  metals, 
silver,  gold,  and  copper,  which  they  accidentally  contain. 

Galena  is  found  in  almost  all  countries,  and  in  nearly  all 
geological  formations.*    It  occurs : — 

A.  In  Crystalline  Slates  and  Unstratified  Rocks. 

a.  In  veins.  In  gneiss  (Black  Forest,  Odenwald,  Saxon 
Erzgebirge,  Oberpfalz,  Silesian  Sudeten,  Riesengebirge, 
Bleistadt  in  Bohemia,  Central  France,  Kongsberg) ;  in 
mica  schist  (Bleistadt  in  Bohemia,  Spain,  Kongsberg,  Sar- 
dinia, Tuscany);  in  granite  (Badenweiler,  Sohneeberg, 
Linares  in  Spain,  Wicklow  in  Ireland,  Central  France) ;  in 
gtuirtz  slate  (Kongsberg) ;  in  granular  limestone  (Schwarzen- 
bergin  Erzgebirge) ;  in  magnesian  slate  (Sardinia) ;  in  porphyry 
(Central  France,  ix.,  Pontgibaud) ;  in  trachytic  porphyry  (Fel- 
sobanya,  Kapnik);  in  greenstone  (Schemnitz);  in  greywacke, 
quartz,  and  greenstone  (Przibram). 

b.  In  beds.     In  mica  schist  (Tuscany,  Fahlun). 

c.  In  floors.  In  mica  schist  and  granular  limestone  (Rusz- 
kitza  in  Banat) ;  in  mica  schist,  granular  limestone,  and  syenite 
(Dognaska,  in  Banat) ;  in  granite  (Christiania) ;  in  syenite 
(Christiania) ;  in  mica  schist  (Tuscany).  ^ 

d.  Impregnated,  in  granular  limestone  (Sala). 

B.  In  Cambrian  Clay  Slate.  In  veins  (Cardiganshire, 
&c.,  in  Wales). 

C.  In  Silurian  Slates. 

a.  In  veins.  In  clay  slate  (Harzgerode  on  the  Hartz,  Mies 
in  Bohemia,  Carthagena  in  Spain). 

•  Ann.  d.  Min.,  4  ser.,  xvii.,  83.  Ueber  das  Vorkommen  der  Bleierze,  see 
V.  Dechen,  Statistik  des  nordl,  and  zollv.  Deutschland,  i.,  750.  Cotta,  Lehre 
von  den  Erzlagerstatten,  i860,  ii.,  570  and  6x8. 
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b.  In  floors.  In  the  mountain  limestone  of  the  Western 
United  States,  This  limestone  belongs  to  the  Upper  Silurian 
formation  ;  and  in  its  lower  part  is  siliceous,  in  its  upper  part 
dolomitic. 

D.  In  Devonian  Slates. 

a.  In  veins.  In  the  lower  slates  (in  the  mountains  of  the 
Rhine  near  Trier,  Coblentz,  and  Aix-la-Chapelle,  in  Nassau, 
on  the  right  bank  of  the  Rhine,  Grand  Duchy  of  Hessia, 
Andreasberg  on  the  Hartz) ;  in  floors  (Rammelsberg  near 
Goslar). 

b.  In  the  intermediate  slates.  In  veins,  in  Lenneslate  and 
Eifel  limestone  (Cologne  and  Amsberg) ;  in  beds  (Meshede, 
Brilon,  and  Aix-la-Chapelle) ;  in  nests  (distrift  of  Aix-la- 
Chapelle  and  Brilon,  Iberg  near  Grund  on  the  Hartz) ;  in 
irregular  masses  (Breinig  near  Stolberg). 

c.  In  the  upper  slates.  In  veins  (Stolberg  near  Aix-Ia- 
Chapelle). 

E.  In  Coal  Fields, 

a.  In  carboniferous  limestone.  In  veins  (Stolberg  near  Aix- 
la-Chapelle,  distrift  of  Dusseldorf  and  Elberfeld) ;  in  lodes 
(Derbyshire  and  Cumberland) ;  in  irregular  masses  (distrift  of 
Dusseldorf  and  Elberfeld). 

6.  In  bituminous  shale.  In  veins,  (Upper  Hartz,  distridl  of 
Amesberg,  Province  Upper  Hessia,  Vosges,  Poullaouen  and 
Huelgoet  in  Bretagne,  Culera  in  Catalonia) ;  in  contaft  groups 
(Christiania). 

c.  In  carboniferous  formations  without  coal.  In  veins  (Gablau, 
in  the  distrift  of  Landshut ;  Esshoff,  in  the  distri(5t  of  Brilon). 

d.  In  the  carboniferous  formations  containing  coal.  In  veins 
(Horst  on  the  Ruhr,  distrift  of  Waldenburg) ;  in  Silesian  coal 
fields ;  in  porphyry. 

F.  In  the  Permian  formation.  In  some  copper-slate  ;  in  the 
cupriferous  shale  near  Gelnhausen  in  Prussia;  in  bitumi- 
nous dolomite  near  Frankenburg ;  in  the  ash  near  Lauter- 
berg ;  in  the  Hartz. 

G.  In  the  Triassic  Formation. 

a.  In  Vosges  sandstone.  In  veins  (Katzenthal  near  Lembach 
in  the  Vosges). 

b.  In  new  red  sandstone.    In  veins  (Bavarian  Pfalz,  Baden 
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weiler  in  the  Black  Forest) ;  in  bunches,  and  in  nests  (Com- 
mern,  Maubacher,  Bleiberg  near  Diiren). 

c.  In  shell  limestone.  In  beds  (Reifelfingen  and  Bnichsal 
in  Baden) ;  as  impregnations  (Taraowitz) ;  in  floors  (Wies- 
loch,  Tamowitz,  OIkusz  in  Polonia). 

d.  In  Keuper.  In  nests,  or  impregnated  in  sandstone  (Frei- 
berg in  Bavaria). 

H.  In  the  Jurassic  Formation.  In  veins  (near  Blank- 
erode,  in  the  district  of  Btiren  near  Minden) ;  impregnated,  in 
beds,  and  in  floors,  in  ddlomitic  limestone,  and  in  ferruginous 
clay  (Santander  in  Spain). 

K.  In  Tertiary  Rocks.  In  nests  and  in  clay  (Tamowitz, 
Beuthen). 

Galena  occurring  in  veins  is  associated  with  either  earthy 
minerals  (quartz,  calc  spar,  fluor  spar,  heavy  spar),  or  with 
metalliferous  minerals  (blende,  iron  pyrites,  sparry  iron  ore, 
arsenical  and  antimonial  substances,  &c.);  sometimes  it  is 
associated  with  copper,  zinc,  silver,  cobalt,  and  nickel  ores. 
Malaguti  and  Durocher  found  silver  in  blende  occurring  in  lead 
veins,  from  traces  up  to  o*88  per  cent,  and  also  traces  in  all 
the  iron,  copper,  and  arsenical  pyrites  which  they  submitted 
to  examination.  They  also  found  that  pure  sulphuretted  ores 
were  always  richer  in  silver  than  oxidised  ores.  Iron  pyrites 
associated  with  galena  sometimes  contains  gold  (Hungary, 
Freiberg,  Rammelsberg,  Lautenthal  on  the  Hartz).  The 
commoner  metals — iron,  lead,  zinc,  and  copper — are  very 
frequently  found  together.* 

Lead  ores  occurring  in  beds,  nests,  floors,  &c.,  are  usually 
poorer  in  silver,  but  they  contain  a  less  proportion  of  other 
earthy  and  metallic  minerals  than  those  in  veins.  The 
deposits  in  the  Rammelsberg  form  an  exception  to  this. 

2.  White  Lead  Ore  (carbonate  of  lead),  PbO,  CO^,  con- 
taining 77*52  per  cent  Pb.  If  in  admixture  with  clay,  oxide 
of  iron,  &c.,  it  is  called  bleierde  (oxidised  lead),  and  if  mixed 
with  coal,  black  lead  ore.  Of  the  oxidised  lead  ores  the  car- 
bonate is  the  one  which  most  frequently  occurs;  it  is  mostly 
found  on  the  head  of  lead  ore  lodes,  and  is  a  secondary  forma- 

*  Breithaupt,  Paragenesis  der  Mineralien,  Freiberg,  1849.  Elie  de  Beau- 
mont, Vertheilung  der  Elemente  in  derNatur.  LiEBiG'sJahresber,  1849,  p.  785. 
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tion  derived  from  galena  by  atmospheric  influence.  In  case 
the  galena  contains  silver,  a  small  amount  of  the  latter 
(seldom  more  than  o'l  per  cent)  will  pass  over  into  the  white 
lead  ore.  This  ore  sometimes  occurs  together  with  copper 
and  iron  pyrites,  and  also  with  various  oxidised  and  sul- 
phuretted metals.  It  is  seldom  found  in  large  masses,  and 
is  mostly  worked  and  smelted  with  galena.  The  most  impor- 
tant localities  where  it  occurs  are  at  Diepelinchen  near  Aix- 
la-Chapelle,  where  the  ore  is  found  in  nests  in  the  Devonian 
rocks,  and,  together  with  bitumen,  quartz,  clay,  and  carbo- 
nate of  zinc,  in  coal  formations ;  in  the  Eifel  mountains, 
where  thje  ore  occurs  above  the  head  of  the  new  red  sandstone, 
or  as  disseminated  grains  (Commem,  Dtiren),  or  in  layers  and 
masses  mixed  up  with  clay ;  in  the  clay  schists  of  the  new  red 
sandstone  (Scheiden);  it  is  furthermore  found  in  different 
parts  of  Spain,  as,  for  instance,  in  the  province  of  Santander, 
mixed  with  calamine,  clay,  limestone,  and  dolomite ;  lead 
ores  containing  silver  are  found  in  quartz  on  the  Altai  moun- 
tains, associated  with  white  lead  ore,  iron  ochre,  and  other 
niinerals ;  great  quantities  of  this  ore  are  also  found  in  the 
Mississippi  valley. 

3.  Sulphate  of  Lead,  PbO,S03,  containing  68*3  per  cent 
Pb,  is  very  rarely  found  in  masses  worth  working.  It 
occurs  at  Pallidres  near  Alois,  above  galena  lodes,  but  is 
poor  in  silver ;  also  at  St.  Martin  near  Vega  de  Ribaddeo 
in  Spain,  together  with  phosphate  of  lead ;  and  in  the  mines 
of  Australia,  where  it  contains,  on  an  average,  35  per  cent 
of  lead  and  35  ounces  of  silver  to  the  ton,  besides  a  small 
amount  of  gold.  Sulphate  of  lead  contains  more  silver 
than  galena  does. 

4.  Pyromorphite,  PbCl  +  3PbO(P05,As05),  containing 
69*5  to  76*2  per  cent  Pb,  and  never  more  than  traces  of  silver. 
Some  large  deposits  of  this  ore  occur  at  Stolberg  near  Aix- 
la-Chapelle ;  at  Ems ;  and  at  St.  Martin  in  Spain,  where 
it  assumes  the  form  of  grapes. 

5.  Yellow  Lead  Ore  (molybdate  of  lead),  PbO,  M0O3, 
containing  57  per  cent  Pb.  It  is  only  found  in  association 
with  other  sulphuretted  and  oxidised  lead  ores;  as  at 
Bleiberg  in  Karnthen,  in  some  parts  of  Bavaria,  &c. 
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SYNOPSIS  OF  PROCESSES  FOR  THE  EXTRACTION  OF 
LEAD   FROM   ITS  ORES.* 

The  extradlion  is  done  in  hearth  and  cupola  furnaces,  and 
in  reverberatory  furnaces,  either  by  a  combined  smelting 
process  of  oxidation  and  redudlion,  or  by  reduftion  and 
precipitation,  the  latter  being  always  combined  with  some 
kind  of  purifying  process.  The  particular  process  which 
should  be  adopted  in  any  case,  depends  greatly  on  the 
price  and  quality  of  the  smelting  ingredients,  such  as  the 
fuel,  and  also  in  a  great  measure  on  the  quality  of  the  ores, 
— whether  they  are  in  a  sulphuretted  or  in  an  oxidised 
state ;  whether  they  are  free  from  foreign  sulphates  and 
earthy  substances;  whether  or  not  they  are  rich  in  silver, 
&c.  In  many  cases,  metallurgical  traditions,  and  the 
industrial  and  commercial  habits  of  different  countries,  are 
considered  sufficient  reasons  for  not  introducing  a  more 
rational  mode  of  operation  than  that  which  happens  to  be 
in  use. 

Influence  of  Foreign  Substances  contained  in  Lead 

Ores. 

Foreign  substances  (sulphides  and  metalliferous  minerals) 
occasion ; 

a.  Loss  of  lead  ;  by  facilitating  the  formation  of 
metallic  fume  in  the  furnace  (sulphides  of  zinc,  arsenic, 
and  antimony)  ;  by  rendering  the  ores  more  difficult 
of  fusion  (zinc  blende)  ;  by  forming  sulphurous  slags 
which  are  capable  of  retaining  valuable  metals,  such  as 
silver,  copper,  &c.  (zinc  blende)  ;  or  by  causing  the  ores 
to  cake  during  roasting  (sulphide  of  antimony  in  the  re- 
verberatory process)  &c. 

6.  Deterioration  of  the  lead  (antimony,  arsenic,  and 
copper). 

c.  Deterioration,  and  a  loss  of  lead  at  the  same  time 
by  volatilisation  (antimonial  and  arsenical  compounds). 

*  Du  Plomb,  de  son  Etat  dans  la  Nature,  de  son  Exploitation,  de  sa  Mdtal- 
lurgie  et  de  son  Emploi  dans  les  Arts,  par  Landrin.  'Paris,  1857.  (S-  u»  h. 
Ztg.,  1^67,  p.  332.)  M6tallurgie  du  Plomb  et  de  I'Argent,  par  RivoT.  Paris, 
i860.  Rudimentary  Treatise  on  the  Metallurgy  of  Silver  and  Lead,  by  Lam- 
born.    London,  1861. 
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d.  A  favourable  influence  may  be  exerted  by  the 
presence  of  silver  in  galena,  also  of  sparry  iron  ore  and 
iron  pyrites,  after  roasting,  during  the  reduftion  pro- 
cess. The  latter  mineral  exerts  an  unfavourable  influence 
in  the  precipitation  process.  As  most  lead  ores  contain 
enough  silver  to  make  its  extra(5tion  profitable,  the  process 
to  be  seledled  for  the  redu(5tion  of  lead  depends  upon 
the  method  adopted  for  the  extraftion  of  the  silver.  These 
processes  will  be  more  fully  explained  in  a  subsequent 
chapter. 

Earthy  substances  may  exert  a  different  influence,  depend- 
ing solely  on  their  nature,  such  as  whether  they  are  basic  or 
otherwise.  Sometimes  they  are  necessary  for  the  formation 
of  slags ;  in  other  cases  they  adl  very  favourably  (as  lime 
does,  in  the  reverberatory  process) ;  and  in  some  particular 
cases  their  influence  is  positively  deleterious  (as,  for  instance, 
silica  in  the  reverberatory  process). 

In  the  Preparation  of  the  Ore  it  is  of  importance  to  take 
into  consideration  the  influence  of  foreign  substances,  and 
accordingly  to  carry  out  the  dressing,  i.e.y  mechanical  puri- 
fication, to  a  greater  or  less  extent.  The  richer  the  ores  are 
concentrated,  the  less  cost  and  loss  of  lead  will  be  occasioned 
in  smelting ;  but  this  preparation  can  only  be  effefted  with 
a  great  sacrifice  of  ore,  especially  if  it  contains  much 
silver,  and  if  the  latter  is  derived,  not  from  isomorphous 
sulphide  of  silver,  but  from  disseminated  silver  ores,  which 
are  mostly  of  less  specific  gravity  than  lead  ores.  It  is 
therefore  advisable  to  separate  galena  poor  in  silver,  more 
completely  from  its  earthy  and  metallic  impurities  than 
galena  rich  in  silver.  The  economical  limit  of  the  con- 
centration of  ores  is  to  be  ascertained  only  by  extensive, 
exadt,  and  tedious  trials ;  and  such  limit  depends  in  each 
case  on  the  quality  of  the  ore,  as  well  as  on  local  circum- 
stances.   Rivot*  has  given  suggestions  for  such  experiments. 

Of  the  metallic  impurities  in  galena,  the  Copper  Pyrites 
is  separated  with  difficulty,  and  with  considerable  loss 
of  lead  and  silver;  in  consequence  of  this,  the  lead  and 

*  Traits  de  M^tallaigie,  torn.  ii.    M^tallurgie  du  Plomb  et  de  TArgent, 
z86o,  p.  4. 
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Other  produdls  obtained  from  smelting  cupriferous  galena  will 
be  also  cupriferous ;  and  as  in  most  cases  they  also  contain 
silver,  these  metals  must  be  extradted  by  separate  processes. 

Iron  Pyrites  is  also  somewhat  difficult  to  separate,  but  it 
very  rarely  adts  perniciously ;  sometimes  it  has  a  dis- 
advantageous influence  upon  the  melting  mixture  by  aug- 
menting its  amount  of  sulphur  (precipitation  process) ;  but, 
in  most  cases,  a  certain  amount  of  iron  pyrites  in  galena  is 
advantageous  (roasting  redud^ion  process).  If  iron  pyrites  is 
disseminated  through  galena,  some  part  of  it  may  be  sepa- 
rated by  hand  sorting,  but  this  cannot  be  effedled  by  the 
ordinary  dressing  process. 

Grey  Copper  Ore  and  Boumonite  render  the  result- 
ing lead  impure,  and  facilitate  its  volatilisation,  but  they 
admit  of  an  advantageous  extrad^ion  of  copper ;  the  first- 
named  mineral  also  assists  in  the  extrad^ion  of  silver.  The 
greater  the  amount  of  silver  the  less  the  dressing  is  to  be 
carried  on,  on  account  of  the  small  specific  gravity  of  the 
fallow  copper  ores.  In  the  melting  process  antimonial  and 
arsenical  produdts  are  formed,  which  are  difficult  to  roast, 
owing  to  their  easy  fusibility ;  and  the  metals  contained  in 
them  can  be  extradled  only  with  great  loss. 

Blende,  under  all  circumstances,  has  an  injurious  influence 
upon  the  melting  process,  and  can  be  only  partly  separated 
from  galena,  on  account  of  its  great  specific  gravity.  This 
is  also  the  reason  that  the  dressing  of  galena,  when  associated 
with  blende,  and  poor  in  silver,  may  be  carried  on  further  than 
when  the  galena  is  rich  in  silver.  Galena  containing  15  per 
cent  of  blende  may  still  be  worked  advantageously  in  rever- 
beratory  furnaces.  If  galena  contains  more  than  this  amount 
of  blende,  it  should  be  smelted  in  cupola  furnaces,  though  in 
this  process  also,  blende  occasions  loss  of  lead  and  silver  by 
volatilisation,  by  a  formation  of  fume  in  the  furnace,  and  by 
rendering  the  slags,  &c.,  more  difficult  to  fuse. 

Sulphide  of  Antimony  is  often  found  so  finely  disseminated 
through  galena  that  its  separation  by  a  mechanical  process  is 
impossible,  and  it  occasions  loss  of  lead  and  silver  in  the  melt- 
ing process  on  account  of  its  volatility  ;  it  also  renders  the 
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working  of  the  resulting  intermediate  produifts  difficult  (for 
instance,  the  cupelling  of  the  raw  lead),  and  it  renders  the 
pig  lead  impure.  Antimony  is  equally  injurious  whether 
the  ores  are  smelted  in  reverberatory  or  in  cupola  furnaces. 
Arsenical  Pyrites  behaves  in  a  similar  manner. 

Of  the  earthy  associates  of  galena,  Calc  Spar  and  Fluor 
Spar  are  the  most  important ;  these  are  seldom  much 
disseminated  in  it,  and,  in  most  cases,  can  be  separated 
mechanically  without  loss  of  metal ;  they  also  frequently 
exert  a  very  favourable  influence  upon  the  melting  process : 
indeed,  in  some  cases,  when  galena  does  not  already  contain 
them,  they  should  be  added. 

Quartz  is  often  found  accompanying  galena;  and  this 
mineral,  as  well  as  aluminous  substances,  causes  the  more 
loss  of  metal  the  finer  the  ore  has  to  be  pulverised  for  its 
preparation,  and  in  many  cases  they  cannot  be  separated 
sufficiently  to  become  innocuous  in  the  reverberatory 
process. 

Heavy  Spar  is  very  difficult  to  separate  from  galena  on 
account  of  its  great  specific  gravity,  and  it  is  not  possible  to 
prepare  ores  containing  it  sufficiently  pure  for  the  reverbera- 
tory process  without  great  loss  of  metal.  The  economical 
working  of  these  ores  can  therefore,  in  most  cases,  be  only 
effected  when  the  sorting  is  done  by  hand.  An  amount  of 
15  per  cent  of  heavy  spar  in  galena  renders  the  reverbera- 
tory process  difficult.  If  such  ores  are  worked  in  cupola 
ifumaces,  the  heavy  spar  a(5ls  disadvantageous^,  by  aug- 
menting the  mass,  and  thus  occasioning  the  use  of  an 
increased  amount  of  fuel. 

Oxidised  Lead  Ores,  in  association  with  earthy  sub- 
stances, can  be  dressed  without  difficulty,  but  they  occasion 
great  loss  if  they  are  associated  with  galena.  In  rare 
instances  only  are  they  so  rich  in  silver  that  any  consider- 
able mechanical  loss  of  it  may  take  place  in  the  preparation. 
This  may  happen  if  clays  containing  silver  occur  together 
with  lead  ores.* 

*  Bulletin  de  la  Soci^t^  de  1' Industrie  Min^rale,  iii.  287. 
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The  chief  modes  of  extradling  lead  from  its  ores,  at  present 
adoptsd^  may  be  classified  under  the  two  following  divisions : — 

I.— SMELTING  OF  SULPHURETTED  LEAD  ORES. 

a.  The  Reverberatory  Process  is  used,  in  general,  for  ores 
rich  in  lead,  and  poor  in  foreign  sulphides  and  earthy  matters, 
and  especially  silica ;  it  is  not  often  employed,  and  only  for 
the  treatment  of  ores  containing  much  silica,  when  fuel  is 
cheap  (French  precipitating  process).  It  may  be  subdivided 
into — I  •  Roasting  reaction  processes,  which  consist  in  the  removal 
of  the  sulphur,  partly  by  roasting  and  partly  by  the  reaftion  of 
the  oxidised  substances  in  the  mass  upon  the  sulphuretted 
one  s ;  the  following  are  modifications : — The  Carinthian  Process, 
used  for  very  pure  ores,  free  from  silica.  These  ores  are  treated 
in  small  quantities,  in  reverberatory  furnaces  with  inclined 
hearths,  from  the  bottom  of  which  the  reduced  lead  (as  chief 
produdl)  continually  runs  off,  whilst  a  smaller  quantity  of  lead 
is  obtained  by  mixing  coal  with  the  residues,  which  are  rich 
in  oxide.  This  process  is  adopted  at  Bleiberg  in  Carinthia, 
Holzappel,  Graubtindten,  and  in  Spain.  The  English  Process 
is  employed  for  calcareous  ores  rich  in  lead ;  upon  treatment 
of  the  larger  bulks  in  reverberatory  furnaces  furnished  with 
a  sump^  metallic  lead,  subsi^lphide  and  oxysulphide  of  lead 
will  be  formed ;  the  two  latter  are  decomposed  by  lime  and 
coal.  This  process  is  in  use  in  England,  Spain,  and  was  tried 
in  the  HarLz.  The  French  Process  is  adopted  for  ores  contain- 
ing pyrites  and  some  silica ;  upon  treatment  in  reverberatory 
furnaces  with  a  sump,  little  lead  and  a  great  deal  of  oxide 
of  lead  are  formed,  the  latter  being  reduced  by  coal.  This 
process  is  employed  at  Poullaouen,  Pezey,  Corfali,  Stolberg, 
and  Tuscany,  and  the  smelting  works  on  the  Rhone.  It  is 
also  tried  on  the  Upper  Hartz.  2.  French  Precipitation  Process. 
In  this  the  siliceous  galena  is  decomposed  by  iron.  It  is  em- 
ployed at  Vienne,  Poullaouen,  Corfali,  and  Tuscany,  and  the 
smelting  works  at  Marseilles. 

i.  The  Hearth  Furnace  Process  is  used  for  very  pure 
galena,  when  fuel  is  expensive,  or  of  inferior  quality ;  the  reac- 
tions are  similar  to  those  in  the  English  reverberatoiy  process. 
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There  are  two  modifications  of  this  process.  The  first  is, 
smelting  in  North  American  hearth  furnaces  with  hot  blast ; 
in  this  only  the  very  purest  galena  is  used.  It  is  generally 
adopted  in  North  America,  and  it  has  been  tried  at  Bleiberg, 
and  Przibram.  The  second  is,  smelting  in  Scotch  hearth  fur- 
naces with  cold  blast;  the  galena  used  need  not  be  pure, 
but  should  be  free  from  silica,  and  previously  roasted  in 
reverberatory  furnaces.  This  process  is  in  operation  in 
Cumberland,  Northumberland,  Durham,  and  Pezey. 

c.  The  Cupola  Furnace  Process  is  used  for  galena  contain- 
ing a  larger  amount  of  foreign  sulphides  and  earths,  or  silica, 
and  which  is  suited  "neither  for  the  reverberatory  process 
nor  for  that  in  hearth  furnaces.  Pure  galena  is  seldom  used. 
This  process  is  subdivided  into — i.  Precipitation  Process.  In 
this  the  unroasted  earthy  galena  is  decomposed  by  metallic 
iron ;  the  galena  must  be  as  free  as  possible  from  foreign 
sulphides  (Upper  Hartz,  Victor-Friedrichs-htltte,  Joachims- 
thal) ;  the  decomposition  is  efifefted  by  ferruginous  fluxes : 
— by  iron  ore  (Ruszkyberg) ;  by  iron  cinders  produced 
in  the  refining  process  (Kinzig-thal) ;  by  roasted  raw  matt 
(Sala) ;  by  ferruginous  lead  matt  slags  (Clausthaler,  trials  with 
the  reverberatory  furnace) ;  and  by  such  fluxes  in  combina- 
tion with  metallic  iron  (Tamowitz,  Przibram,  Mtlnsterthal, 
Ems).  2.  Common  Lead  Process.  Used  for  smelting  galena 
containing  a  larger  amount  of  foreign  sulphides,  and  more  or 
less  earthy  matter ;  it  is  seldom  employed  for  melting  purer 
and  only  earthy  lead  ores  (Commem,  Stolberg).  The  opera- 
tions are  : — Roasting  in  heaps  (Lower  Hartz,  Mtisen,  Rothen- 
bach) ;  in  mounds  (Fahlun,  Rhone  smelting  works) ;  or  in 
reverberatory  furnaces  (Przibram,  Freiberg,  Commem,  Stol- 
berg, Lower  Hungary,  Holzappel,  Pontgibaud,  Vialas,  Rhone 
smelting  works,  Tuscany,  Spain);  reducing  and  purifying 
smelting  of  the  roasted  ore  in  cupola  furnaces,  with  or  without 
ferruginous  fluxes,  or  with  such  fluxes  in  combination  with 
metallic  iron;  the  details  depend  on  the  quality  of  the 
ores,  and  the  price  of  the  smelting  materials.  There  are  the 
three  following  subdivisions  of  the  common  lead  process :  the 
first  is  adapted  for  the  working  of  ores  poor  in  lead  and 
very  siliceous,  by  roasting  and  reducing  without  ferruginous 
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fluxes  (Lower  Hartz,  Fahlun).  The  second  is  employed 
for  the  working  of  siliceous  and  earthy  ores  richer  in  silver, 
by  smelting  them,  after  roasting,  with  ferruginous  fluxes ; 
with  ores  containing  crude  matt  (Lower  Hungary);  with 
roasted  raw  matt  (Freiberg) ;  with  iron  ore  ( Vialas) ;  with 
refinery  cinders  (Tuscany,  Spain,  Rhone  smelting  works) ;  or 
with  such  fluxes  in  combination  with  metallic  iron  (Przibram, 
Holzappel,  Musen,  Rothenbach,  Pontgibaud),  The  third 
modification  is  employed  for  working  earthy  ores  richer  in 
lead,  by  roasting  and  smelting  with  iron  ore  (Commem),  or 
with  refinery  cinders  (Stolberg). 

2. — TREATMENT  OF  OXIDISED  ORES  AND  PRODUCTS. 

a.  White  Lead  Ores. — Reduftion  smelting  of  rich  ores  in 
reverberatory  furnaces,  and  of  poor  ores  in  cupola  furnaces 
(Altai,  Mtinsterbuch,  near  Stolberg,  Southern  Spain),  or  in 
air  furnaces  (Southern  Spain). 

6.  Sulphate  of  Lead. — Working  in  reverberatory  furnaces 
(PouUaouen,  processes  of  Rivot  and  Phillips,  and  Volckel), 
and  in  cupola  furnaces  (Southern  France). 

c.  Litharge. — Reduction  in  reverberatory  furnaces  (Eng- 
land, Holzappel,  Ems,  PouUaouen);  in  cupola  furnaces 
(Upper  Hartz,  Lower  Hartz,  Freiberg,  Przibram,  Tamowitz); 
in  Siberian  hearth  furnaces  (Barnaul,  Freiberg,  Femezeley) ; 
in  Scotch  hearth 'furnaces  (Tuscany,  Pontgibaud,  Pezey). 

d.  Dross. — Melting  the  dross  in  reverberatory  furnaces, 
and  producing  hard  lead  in  cupola  furnaces  (Upper  Hartz, 
Lower  Hartz,  Przibram,  Freiberg,  Holzappel,  MUsen,  &c.) 

e.  Bottoms  of  Lead  Furnaces. — Melting  in  reverberatory 
furnaces  (Siberia),  and  in  cupola  furnaces  (Tamowitz.) 

/.  Lead  Slags. — Melting  in  reverberatory  furnaces  for  pro- 
ducing raw  matt  (Freiberg),  and  in  cupola  furnaces  for 
producing  lead  (Tamowitz,  Hettstadt,  Sardinia,  Spain). 

The  raw  lead  produced  from  any  of  these  ores  or  produifts 
is  refined  by  various  processes.  The  following  are  those 
generally  adopted  : — Skimming  off  the  dross  (Upper  Hartz, 
Lower  Hartz) ;  stirring  with  wood  shavings  (reverberatory 
process  in  England,  France,  &c.) ;  stirring  with  wooden  poles 
(Altenau    Lea4    Works,   Ramsbeck);    Pattinson's   process 
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(Altenau,  Freiberg,  Stolberg)  ;  oxidation  smelting  in  air 
reverberatory  furnaces  (England,  Stolberg,  Rouet);  oxida- 
tion smelting  in  cupola  furnaces  (Freiberg,  Antonshtitte) ; 
smelting  with  oxidising  and  purifying  fluxes  (methods  of 
Baker,  Pontifex,  and  Glassford). 

DIVISION  I. 

SMELTING  OF  SULPHURETTED   LEAD  ORES. 

The  produdlion  of  lead  is  effedled  in  hearth,  cupola,  and 
reverberatory  furnaces.  Galena  free  from  earthy  substances 
and  foreign  sulphides,  or  containing  only  small  quan- 
tities of  lime,  heavy  spar,  and  blende,  is  advantageously 
worked  on  hearths  and  in  reverberatory  furnaces ;  but  those 
ores  which  contain  a  large  amount  of  earthy  and  siliceous 
substances,  as  well  as  other  metallic  sulphides,  are  best  treated 
in  cupola  furnaces,  though  local  circumstances  sometimes 
render  the  employment  of  reverberatory  furnaces  advisable 
also  for  these  ores.  The  choice  of  a  reverberatory  furnace  or 
a  hearth  furnace,  for  pure  galena,  depends  chiefly  on  the 
quality  and  price  of  the  available  fuel,  and  for  this  reason 
hearth  furnaces  are  principally  used  in  those  countries  where 
good  coal  is  expensive,  and  wood  and  turf  cheap. 

The  Reverberatory  Process  is  simple,  very  econo- 
mical, and  occasions  the  least  loss  of  metal ;  it  admits  of  the 
use  of  raw  fuel,  and  of  the  process  being  watched  through- 
out. It  occasions  but  a  small  residue,  and  requires  neither 
blast  machines  nor  expensive  fluxes.  On  the  other  hand, 
this  process  is  only  adapted  for  very  pure  ores  containing 
little  or  no  silica  ;  small  amounts  of  lime,  heavy  spar, 
and  zinc  blende,  are  not  so  injurious.  As  objedtions 
to  this  process,  compared  with  the  cupola  furnace  process, 
we  may  mention  the  loss  of  copper  in  poor  copper  schlich, 
a  deterioration  of  the  resulting  lead  by  its  alloying  with 
copper,  and,  lastly,  greater  difiiculties  in  making  the  slags 
profitable.  The  different  modifications  of  the  reverbera- 
tory process  are  dependent  on  the  presence  of  foreign 
substances,  and  also  on  the  greater  or  less  amount  of 
silver  contained  in  lead  ore.  Although  the  smallest 
quantity  of  silica  contained  in  galena  occasions  a  loss  of 
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14  LEAD. 

metal,  fuel,  and  time,  yet  if  the  ore  is  worked  in  reverberatory 
furnaces,  it  is  still  possible  that  local  circumstances  may 
recommend  this  process  likewise  for  ores  which  are  rich  in 
silica. 

The  different  reverberatory  processes  may  be  thus  classi- 
fied, according  to  their  chemical  rea<5tions,  and  according  to 
the  quality  of  the  ores  : 

A.  THE  ROASTING  REDUCTION   PROCESS. 

a.  Carinthian  Process^  for  very  pure  galena,  poor  in  silver, 
and  for  ores  containing  a  small  amount  of  lime. 

6.  English  Process^  for  galena  containing  more  lime,  and 
sufficient  silver  to  make  it  worth  extra(5ting,  and  also  con- 
taining some  zinc  blende  and  heavy  spar. 

c.  French  Process,  for  ores  containing  a  large  amount  of 
pyrites,  blende,  and  earthy  matters,  but  not  more  than  5  per 
cent  silica,  and  more  or  less  silver. 

B.  DECOMPOSITION  OF  GALENA  BY  MEANS  OF  IRON. 

French  Precipitation  or  Vienne  Process,  for  ores  containing 
i  much  quartz  and  aluminous  substances,  with  more  or  less 

silver. 

A.    DECOMPOSITION    OF    GALENA    BY    ROASTING    PRO- 
CESSES IN   REVERBERATORY  FURNACES."^ 

In  all  these  processes  the  three  following  periods  are  to 
be  observed : 

Period  i.  (Roasting.)  Galena  is  roasted  at  a  more  or  less 
increased  temperature  for  a  longer  or  shorter  time,  and  is 
thereby  converted  more  or  less  into  oxide  of  lead  and  sulphate 
of  lead;  part  of  the  galena,  however,  remains  undecom- 
posed.  If  the  temperature  is  raised  rapidly,  less  sulphate  of 
lead  will  be  produced  than  when  the  temperature  is  raised 
slowly,  or  continued  for  a  longer  time.  The  most  suitable 
temperature,  and  the  proper  time  required  for  the  roast- 
ing, depend  on  the  quality  of  the  ore ;  and  it  is  essential 

*  Theorie  des  F1amm5fen  processes.  Karsten,  Arch,  i,  R.  vi.,  no.  Ueber 
die  Entschwefelung  des  Bleiglanzes.  Ibidi  vi.,  p.  328.  Ann.  des  Min.,  1833, 
torn,  ii.,  p.  3.  Lampadias,  Fortschritte,  1839,  p.  55.  Puvis,  Theorie  der 
Zugatemachung  des  Bleiglanzes  in  Flammofen.  Karsten,  Arch,  i.,  R.vi.,  236. 
Kerl,  Ueber  die  Zugutemachung  der  Bleierze  in  Flammofen,  B.  u.  h.  Ztg., 
1854,  p.  165.  Phillips,  in  B.  u.  H.  Ztg.,  1859,  p.  368.  Rivot,  M€tallurgie 
dtt  Plomb  et  de  TArgent,  i860,  p.  32. 
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to  know  whether  the  ore  contains  substances  which  may 
cause  the  operation  to  proceed  more  rapidly,  as  in  this  case 
there  is  danger  of  a  slagging  together  of  the  mass,  thereby 
injuring  the  entire  operation. 

Pure  galena  requires  a  lower  temperature  for  roasting,  and 
hence  there  is  less  loss  of  lead  by  volatilisation  (Carinthian 
process)  than  when  calcareous  galena  is  employed  (English 
process) ;  whilst  galena  containing  pyrites  must  be  roasted  at 
a  temperature  rising  gradually  but  not  getting  too  high 
(French  process). 

Amongst  foreign  substances  which  may  be  present, 
Quartz,  Clay,  and  Silicates  generally,  exert  an  injurious 
influence  even  when  not  more  than  J  or  J  per  cent  of 
silica  is  present,  by  forming  at  the  commencement  easily 
liquefied  slags,  which  cover  the  roasting  mass  like  a  var- 
nish, and  render  perfedt  oxidation  impossible.  If  the  ore 
contains  from  5  to  6  per  cent  of  silica,  the  readlions  are 
seriously  interrupted,  and  the  more  so  the  more  the  silica  is 
disseminated  through  the  galena.*  It  appears,  also,  that  a 
finer  grain  of  the  pounded  and  dressed  ores  assists  the  for- 
mation of  slags. 

Lime,  in  not  too  considerable  quantity  (10  to  12  per  cent), 
adts  advantageously  both  in  the  roasting  process,  by  ren- 
dering the  mass  more  difficult  of  fusion,  and  also  in  the 
readlions  of  the  3rd  period. 

Iron  Pyrites  assists  in  the  more  rapid  conversion  of  galena 
into  oxide  and  sulphate  of  lead. 

Sulphide  of  Antimony  is  injurious  even  when  in  small 
quantities  (2  to  3  per  cent) ;  it  facilitates  a  caking  together  of 
the  mass,  occasions  loss  of  silver  and  lead  on  account  of  its 
volatility,  and  gives  rise  to  the  formation  of  an  antimonial 
lead.  Arsenical  Pjrrites  is  less  injurious,  as  it  only  occa- 
sions a  loss  of  metal.  Grey  Copper  Ore,  on  account  of  the 
quantity  of  antimony,  arsenic,  and  sulphur  it  contains,  adts 
like  sulphide  of  antimony ;  it  also  occasions  the  formation 
of  cupriferous  lead. 

*  Versuche  zu  Pouilaouen  und  auf  dem  Oberharze  fiber  den  Einfluss  des 
Quartzes,  Thonschiefers  und  Kalks.  B.  u.  h.  Ztg,  1854,  p.  193,  228.  Bbr- 
THiER's  Metall.  Analyt.  Chemie,  ii.  643. 
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Copper  Pyrites  does  not  interfere  with  the  roasting  pro- 
cess, but  is  objedlionable  on  account  of  the  copper  present. 

Sparry  Iron  Ore  may  be  injurious,  if  silica  is  present  at 
the  same  time,  by  forming  easily  fusible  silicates  of  iron  ;  but 
it  is  serviceable  in  the  subsequent  reaftions. 

(The  aftion  of  the  above-named  substances  has  been 
proved  by  trials  in  reverberatory  furnaces  executed  at  the 
Clausthal  Lead  Works.*) 

Period  2.  (Heating  the  mass  for  the  production  of  metallic 
lead,  by  the  reaftion  of  the  oxidised  upon  the  sulphuretted 
constituents.) 

If  the  roasting  mass,  by  frequent  stirring  and  by  a 
diminished  oxidising  flame,  is  quickly  brought  to  a  cherry-red 
heat,  the  oxide  and  sulphate  of  lead  reaA  upon  sulphide 
of  lead  in  such  a  way  that  metallic  lead  is  produced.  This 
may  be  proved  by  experiments  on  a  small  scale,  t  When 
the  oxidised  components  have  given  their  oxygen  to  the 
sulphur  of  the  excess  of  galena,  and  no  more  lead  is  pro- 
duced, the  roasting  process  may  be  commenced  again  at  a 
lower  temperature,  and  the  oxide  and  sulphate  of  lead 
formed  can  be  made  to  readt  upon  the  remaining  galena,  by 
raising  the  temperature  and  stirring  the  mass  till  the  lead 
again  ceases  to  run  off.  This  roasting  and  readlion  is 
repeated  until  no  more  lead  is  produced,  and  the  mass 
commences  to  liquefy.  The  first  or  chief  roasting  de- 
pends on  the  nature  of  the  ore,  on  the  temperature  of  the 
roasting,  and  on  the  time  it  is  carried  on ;  the  quantity  of 
the  resulting  lead*  depends  partly  on  the  purity  of  the 
galena  and  partly  on  the  care  bestowed  on  the  process.  It 
is  of  importance  not  to  allow  the  temperature  to  rise  above 
a  cherry-red  heat  during  the  lead  extradtion ;  if  a  higher 
temperature  is  employed,  a  loss  of  lead  by  volatilisation  will 
take  place,  and  also  a  greater  amount  of  lead  will  be  kept 
back  in  the  slags.  Oxide  and  sulphate  of  lead  are  trans- 
formed, with  galena,  into  metallic  lead  and  sulphuric  acid 

*  Kerl,  Oberharzer  Hiittenprocesse,  2  Aufl.,  i860,  p.  579.     B.  u.  h.  Ztg., 
1854,  p..  201. 
f  Plattner,  in  B.  u.  h.  Ztg.,  1854,  p,  22. 
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only  at  a  somewhat  low  temperature ;  if  a  higher  temperature 
is  employed,  oxysulphide  will  be  formed,  which  does  not 
decompose  galena.  Towards  the  end  of  the  second  period  the 
temperature  must  be  considerably  raised,  for  the  purpose  of 
extradting  the  lead  as  completely  as  possible  from  the  roasting 
mass,  which  now  contains  the  foreign  substances  in  a  more 
concentrated  state,  and  has  become  much  more  difficult 
to  fuse.  The  formation  of  oxysulphide  of  lead  cannot 
therefore  be  avoided,  and  it  will  be  retained  in  the  resi- 
due together  with  undecomposed  galena,  oxide  of  lead, 
and  sulphate  of  lead.  The  quantity  of  oxysulphide  of  lead 
left  in  the  residue  depends  upon  the  nature  of  the  foreign 
substances  contained  in  the  lead  ore. 

The  longer  the  readlions  can  be  continued  without  render- 
ing the  mass  liquid,  the  less  oxysulphide  will  be  formed 
(if  blende,  iron  pyrites,  sparry  iron  ore,  &c.,  are  associated 
with  the  ore).  The  further  treatment  of  the  residues  for 
the  extraftion  of  the  remaining  lead  depends  on  this. 

In  the  second  period,  foreign  substances  occurring  in 
galena  may  a(5t  either  advantageously  or  injuriously.  The 
latter  is  always  the  case  if  they  are  present  in  the  galena 
in  large  quantities,  as  they  then  mechanically  prevent  the 
oxidised  and  sulphuretted  substances  having  that  complete 
contadl  which  is  necessary  for  the  readlion. 

Carbonate  of  Lime  adts  favourably  if  present  in  small 
quantity,  as  it  decomposes  galena,  as  well  as  sulphate  of 
lead,  and  by  preventing  the  too  easy  liquefadlion  of  the  mass 
facilitates  the  readlion;  a  proportion •  above  12  percent  is 
disadvantageous,  owing  to  its  mechanical  adlion. 

Fluor  Spar  adts  in  a  similar  manner.  Its  fusibility  will 
assist  the  liquefadlion  of  the  mass,  but  it  eliminates  a  small 
amount  of  silica  by  forming  gaseous  fluoride  of  silicium. 
Combinations  of  fluor  spar  with  heavy  spar  and  sulphate  of 
lime  are  easily  fusible. 

Heavy  Spar,  in  small  quantity,  has  no  influence.  But 
12  per  cent  or  more  interferes  mechanically,  and  increases  the 
bulk  of  the  residue. 

Quartz,  Clay,  and  other  Silicates  render  the  mass  easily 
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fusible ;   as  little  as  6  per  cent,  if  well  mixed,  almost  pre- 
vents the  readlions. 

Zinc  Blende,  nearly  all  of  which  is  converted  by  the  roast- 
ing process  into  oxide  and  sulphate  of  zinc,  adls  advantage- 
ously in  small  quantity.  By  rendering  the  charge  less  fusible, 
a  more  frequent  repetition  of  the  roasting  reduftion  process 
is  pradlicable,  and,  in  this  way,  poorer  slags  are  formed ; 
but  the  reaftions  are  mechanically  prevented  if  the  quantity 
present  exceeds  lo  or  12  per  cent.  Galena  containing  still 
more  blende  (20  to  25  per  cent)  can  sometimes  be  made  avail- 
able for  the  reverberatory  process  by  being  mixed  with  pure 
galena,  the  average  amount  of  blende  being  thus  reduced  to 
12  or  15  per  cent. 

Iron  Pyrites,  by  the  roasting  process,  is  converted  into 
oxide  and  sulphate  of  iron,  and  towards  the  end  of  the 
second  period  the  increased  temperature  converts  it 
into  peroxide  of  iron.  It  renders  the  charge  less  fusible, 
and  the  undecomposed  sulphide  of  iron  extracts  lead  from 
oxide  of  lead.  Iron  pyrites  in  greater  quantity  prevents  the 
reactions  to  some  degree,  and  facilitates  the  formation  of 
matt,  which  being  easily  fusible,  runs  off  and  causes  loss 
of  metal.  Arsenic  in  iron  pyrites  always  causes  the  pro- 
dudlion  of  an  arsenical  lead,  and  great  loss  of  lead  and 
silver  by  volatilisation,  though  the  greater  part  of  it  will 
have  been  volatilised  during  the  roasting  period  as  well  as  by 
the  farther  treatment  of  the  slags. 

The  injurious  influence  of  sulphide  of  antimony  has  been 
already  mentioned.     (Page  15.) 

Copper  Pyrites  and  Grey  Copper  Ore  cause  the  formation 
of  impure  lead  ;  the  first  of  these  minerals  also  occasions  the 
formation  of  matt  and  cupriferous  residue,  from  which,  by 
further  treatment,  a  cupriferous  lead  is  produced. 

Sparry  Iron  Ore,  in  the  roasting  process,  is  chiefly  con- 
verted into  peroxide  of  iron.  It  renders  the  charge  less 
fusible,  and  thus  enables  the  roasting  redudlion  process  to 
be  oftener  repeated ;  in  consequence  of  this  a  very  complete 
decomposition  of  the  galena  takes  place,  and  the  residue 
becomes  poor  in  lead,  containing  mostly  oxide  and  sulphate  of 
lead,  and  but  very  little  oxysulphide.     A  greater  amount 
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of  this  ore,  like  the  other  named  substances,  interferes 
mechanically. 

Sulphide  of  Silver  decomposes  at  a  low  temperature,  and 
the  silver  becomes  more  concentrated  in  the  former  portions 
of  the  extradled  lead  than  in  the  latter.  When  the  lead  from 
the  different  periods  of  the  reverberatory  process  is  colle(5led 
together,  the  average  amount  of  silver  in  the  whole  mass 
may  be  too  small  to  admit  of  profitable  extradtion.  Fallize* 
has  proposed  to  extraft  part  of  this  silver  by  Pattinson's 
method,  and  to  retain  for  this  purpose  the  first  portions  of 
lead,  which  are  richer  in  silver.  Gold,  when  in  galena, 
behaves  in  a  similar  manner. 

Carbonate  of  Lead,  when  present  along  with  galena,  not 
only  occasions  a  material  shortening  of  the  time  of  roasting, 
but  allows  most  of  the  lead  to  be  extradted  at  a  low  tem- 
perature at  the  beginning  of  the  redu(5tion  period.  It  also 
produces  less  liquid  slags.  The  lower  the  temperature  at 
which  th^  lead  is  extradled,  the  purer  the  metal ;  there  will 
also  be  less  loss  by  volatilisation,  and  the  foreign  metals 
will  be  sooner  oxidised  and  volatilised.  Care  must  be  taken 
that  most  lead  is  extradled  during  the  first  readlion  of  the 
oxides  upon  the  sulphates  and  sulphides,  as  the  higher  tem- 
perature of  the  subsequent  readlions  increases  the  loss  of  lead. 

Amongst  other  circumstances  which  influence  the  success 
of  the  process  may  be  mentioned  the  skilfulness  and  care  of 
the  workmen.  Setting  aside  the  influence  of  the  above- 
described  impurities,  success  also  depends  upon  exadl  roast- 
ing, a  judicious  amount  of  firing,  a  proper  stirring  up  of  the 
mass,  and  upon  the  right  dimensions  of  the  furnace.  If  the 
dimensions  differ  from  those  fixed  and  sandlioned  by  experi- 
ence, it  will  be  difficult  for  the  workmen  to  carry  out  the 
operations  and  regulate  the  temperature  corredlly,  and  the 
yield  of  metal,  its  loss  by  volatilisation,  and  the  consumption 
of  fuel,  &c.,  will  be  affedled. 

The  same  furnace  is  generally  used  for  roasting  and 
reducing;  sometimes,  however,  separate  furnaces  are  em- 
ployed. The  iron  tools  used  for  working  the  mass  also  exert 
some  influence  upon  the  produdlion  of  lead.    The  higher 

•  B.  u.  li.  Ztg.,  i860,  p.  359- 
C   2 
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the  temperature  the  more  h'quid  the  mass  becomes,  and  the 
more  oxide,  sulphide,  and  sulphate  of  lead  will  be  decom- 
posed by  the  iron.  In  consequence  of  this  the  iron  tools  are 
sometimes  worn  away  rapidly,  causing  considerable  expense. 

Period  3. — (Treatment  of  the  residue  of  the  slags.)  At 
the  end  of  the  second  period  there  remains  in  ^  the  furnace 
a  more  or  less  molten  mixture  of  oxide  of  lead,  sulphate 
of  lead,  silicate  of  lead  (formed  either  from  silica  present 
in  the  ore,  or  by  the  combination  of  lead  with  the  silica  in  the 
bottom  of  the  furnace),  oxysulphide  and  sulphide  of  lead, 
with  foreign  substances  more  or  less  transformed.  The  oxides 
a(5t  upon  the  sulphides  in  a  pasty  but  not  in  a  liquid  state. 
In  the  latter  case  the  oxysulphide  is  not  decomposed,  and,  on 
the  other  hand,  the  uncombined  oxides  and  sulphides  do  not 
come  into  sufficient  contadl  with  each  other  when  molten* 
The  residue,  therefore,  will  produce  no  more  lead  by  a 
continued  roasting  process,  and  becomes  poorer  in  lead 
the  longer  the  roasting  is  carried  on  at  a  low  temperature 
(Carinthian  process),  or  at  a  higher  temperature,  when  the 
ores  contain  foreign  substances,  such  as  zinc  blende,  iron 
pyrites,  and  sparry  iron  ore.  In  no  case,  however,  must  the 
temperature  be  so  high  as  to  melt  the  mass. 

The  residues  contain  accordingly  either  an  excess  of  oxidised 
(Carinthian  and  French  processes)  or  of  sulphuretted  sub- 
stances (English  process) ;  and  they  require,  for  the  further 
extra(5tion  of  the  contained  lead,  either  reducing  agents 
(coal,  wood)  or  calcareous  fluxes,  or  both. 

The  third  period  is  commenced  by  repeatedly  mixing  coal 
and  lime,  or  first  lime  and  then  coal,  with  the  residue,  and 
working  them  together  at  an  increasing  temperature.  Carbon 
is  used  in  the  form  of  non-caking  coal,  small  charcoal, 
fragments  of  wood,  &c.  It  reduces  to  the  metallic  state 
the  free  oxide  of  lead  and  that  contained  in  the  oxysulphide, 
and  brings  the  sulphate  of  lead  to  sulphide  of  lead,  which 
becomes  desulphuretted  by  the  influence  of  another  part  of 
oxide  of  lead.*     The  porous  condition,  occasioned   by  the 

•  Gay  Lussac,  Zersetzung  der  schwefelsauren  Metallsalze  durch  Kohle. 
Erdm.,  J.,  f.  pr.  Chem.  xi.,  65. 
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reducing  gases  which  rise  and  permeate  the  mass,  facilitates 
the  readtion. 

This  process  of  mixing  with  wood,  suddenly  raising  the 
temperature,  and  working  up  the  residue,  is  repeated  as 
often  as  lead  is  extracted ;  and  in  this  way  the  slags 
obtained  are  usually  poor  in  lead  and  rich  in  silver  (if  present 
in  the  original  ore),  and  the  lead  in  the  slags  is  found  in 
the  state  of  sulphide  of  lead.  This  is,  therefore,  an  appropriate 
mode  of  treatment  for  galena  containing  but  little  silver, 
when  the  resulting  slags  can  be  obtained  sufficiently  free  from 
lead  not  to  require  working  up  again  in  another  furnace, 
which  would  be  necessary  if  they  contained  a  larger 
amount  of  silver  and  lead,  occasioned  by  the  presence  of 
foreign  substances.  In  case  the  residues  contain  much 
oxide  of  zinc,  part  of  the  zinc  becomes  reduced  and  vola- 
tilised, lead  and  silver  going  along  with  it. 

Burned  lime,  in  form  of  powder,  may  be  recommended 
as  an  admixture  for  the  residues,  if  they  are  richer  in 
sulphide  of  lead  than  in  oxides.  It  adts  partly  mechanically, 
by  preventing  the  liquefadtion  of  the  masses,  and  by  making 
them  spongy,  thus  promoting  the  reaction  of  the  sulphides 
upon  the  oxides ;  and  it  adts  in  part  chemically,  by  de- 
composing sulphate,  silicate,  and  sulphide  of  lead  ;  this  last 
decomposition  takes  place  only  in  the  presence  of  air,  when 
metallic  lead  and  sulphate  of  lime  are  formed.  In  the 
absence  of  air,  lime  scarcely  decomposes  sulphide  of  lead. 
If  no  more  lead  is  produced  after  repeated  mixing  with  lime, 
increasing  the  temperature  and  working  up  the  mass,  the 
slags  may  be  removed.  They  contain  more  or  less  lead,  but 
are  very  poor  in  silver,  as  they  are  chiefly  composed  of  oxides, 
sulphate  and  silicate  of  lead,  and  lime ;  it  may,  therefore, 
be  recommended  to  employ  lime  when  working  galena  rich 
in  silver,  as  it  is  more  advantageous  to  extradt  the  greatest 
part  of  the  silver  by  means  of  the  lead  of  the  2nd  period,  and 
thus  to  leave  a  minimum  amount  in  the  slags. 

But  be  the  galena  poor  or  rich  in  silver,  it  is  always 
desirable  to  endeavour  to  obtain,  by  skilful  manipulation, 
as  little  slag  as  possible.  When  working  galena,  rich  in 
silver,  liine  must  be  used  for  the    decomposition   of  the 
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residues,  and  when  working  galena  poor  in  silver,  lime  or 
coal  may  be  used  according  to  whether  the  residue  contains 
more  oxidised  or  sulphuretted  substances.  This,  again, 
depends  on  the  original  impurities  in  the  ore,  and  on  its 
treatment  in  the  first  two  periods ;  which  treatment  greatly 
depends  on  these  impurities. 

The  produces  of  the  reverberatory  process  are  : — 

1.  Lead,  with  a  varying  amount  of  silver,  and  of  different 
degrees  of  purity.  Though  the  ores  from  which  this 
lead  is  produced  contain  no  injurious  substances,  yet  the 
metal  usually  contains  small  particles  of  ore  mechanically 
mixed  up  with  it,  which  cannot  be  separated  when  the  lead 
has  been  removed  from  the  furnace  and  cooled.  It  also  con- 
tains small  amounts  of  sulphur,  sub-sulphide  of  lead,  or  other 
sulphides  (sulphide  of  iron  from  iron  pyrites,  or  derived  from 
the  iron  tools).  On  stirring  up  the  lead  with  wood,  before 
cooling,  these  impurities  rise  to  the  surface,  and  may  be 
skimmed  off.  Copper,  antimony,  or  arsenic,  cannot  be  extradted 
in  this  way,  and  to  remove  them  the  lead  must  be  refined. 
When  poor  in  silver,  it  becomes,  without  further  preparation, 
a  marketable  produ(5l  (Carinthian  lead) ;  if  it  contains  suffi- 
cient silver  to  render  its  extradlion  profitable,  it  is  either 
cupelled  (PouUaouen),  or  previously  treated  by  Pattinson's 
process  ;  if  necessary,  it  may  also  be  previously  refined. 

The  following  are  analyses  of  such  lead  by  Streng.     a  is 
lead  from  Villach ;  b  is  the  best  selected  English  lead  :— 
Pb.  Sb.  Cu.  Zn.  Fe. 

a.  99*9660      0*0260      Trace      0*0039      0*0041 

b.  99*9800      0*0150      Trace      0*0008      0*0042 

2.  Residues. — These  consist  of  variable  mixtures  of  oxides, 
sulphates,  silicates,  and  sulphides,  combined  with  coal  or 
lime,  according  to  which  substance  was  used  for  the  lead  ex- 
tra(5lion.  If  these  residues  contain  but  little  lead,  either 
they  are  thrown  away,  or  the  lead,  which  is  mechanically  in- 
cluded, is  separated  by  pounding  and  washing  them.  If  they 
contain  a  larger  amount  of  lead,  they  require  a  subsequent 
smelting  with  iron  in  hearth  or  cupola  furnaces,  and  some- 
times in  reverberatory  furnaces.    The  latter  mode  occasions 
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greater  loss  of  lead  by  volatilisation,  and  more  interrup- 
tions, than  melting  in  cupola  furnaces.  The  resulting  lead 
is  then  either  refined,  and  sold  as  such,  or,  if  it  contains  a 
sufficient  amount  of  silver,  is  treated  by  Pattinson's  process. 
The  following  is  the  composition  of  the  residues  from  the 
reverberatory  furnaces  at  Bleiberg,  analysed  by  Ferjent- 
sik  : — 


Pb. 

Zn. 

Fe. 

MgO 

CaO. 

S. 

I. 
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— 
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13 
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7. 

26-4 

261 

4'5 

17 
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20 
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— 
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27*3 

II. 
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24-2 

6-5 

— 

7*5 

27*0 

12. 

262 

27-8 

7-8 

— 

8-9 

293 

3.  Lead  Fume  or  Smoke  is  formed,  partly  mechanically, 
when  fine  particles  of  ore,  at  the  moment  of  their  transforma- 
tion into  carbonate  and  sulphate  of  lead,  come  into  contadt 
with  the  hot  gases  during  the  charging  of  the  furnaces,  and 
during  the  roasting  process ;  it  is  also  formed  by  the  volati- 
lisation of  metallic  lead  during  the  second  period.  There  is 
less  volatilisation  the  more  the  lead  is  extradled  at  the 
commencement  of  the  second  period,  when  the  temperature 
is  still  low ;  in  the  later  periods  this  loss  will  also  be  less, 
as  the  masses  under  treatment  are  then  poorer  in  lead. 
The  fume  consists  usually  of  oxide,  carbonate,  and  sul- 
phate of  lead,  and  a  little  sulphide  of  lead,  with  more  or 
less  silver.  Silver  is  volatile  at  very  high  temperatures, 
but  most  of  it  is  carried  off  mechanically  at  the  commence- 
ment of  the  process,  together  with  the  ore  dust,  and  it  pro- 
bably becomes  reduced  from  the  sulphuretted  to  the  metallic 
state  when  in  contaft  with  hot  air. 

The  formation  of  lead  fume  is  frequently  so  considerable 
that  it  is  advisable  and  economical  to  coUedl  it  in  proper 
condensation  flues.  It  is  then  useful  for  melting  up  with 
fresh  ore,  for,  on  account  of  the  lead-salts  it  contains,  it 
considerably  shortens  the  time  of  roasting.  Sometimes  the 
fume  is  smelted,  together  with  the  residues,  in  cupola  fur- 
naces.    In  this  case  it  must  be  mixed  with  clay  or  lime,  to 
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prevent  too  great  a  loss  of  metal  from  redudlion  and  volati- 
lisation in  the  upper  parts  of  the  furnace,  as  well  as  its 
being  mechanically  blown  out  of  the  furnace. 

The  following  analyses  show  the  composition  of  different 
kinds  of  lead  smoke  : — 

AUOj.      Si03.       Clay. 

—  13*2 

—  5-6 

—  174 
—           —            —           7'2           20'6  

I.  Smoke  from  a  roasting  reverberatory  furnace  at  Pontgibaud,  by  Berthier. 
2.  The  same,  by  Rivot.  3.  The  same  of  Alston  Moor,  by  Berthier.  4.  Fused 
lead  smoke  of  Conilans,  by  Berthier.  5.  Caked  smoke  from  the  chimney  of 
the  reverberatory  furnace  at  Redruth,  by  Berthier.  In  addition,  No.  2  con- 
tained 2*3  per  cent  of  ZnO,S03,  and  No.  5  contained  0*2  per  cent  of  Cu. 

According  to  Rivot,  the  smoke  of  schlich  melting  furnaces 
at  the  Upper  Hartz  contains — 

Sulphuretted  Substances. 
C.        S.       As&Sb.       Pb.        Fe.        Zn. 
2*5       7-8  0-5  34*8        i-o         I'o 

Oxidised  Substances. 

CO2  &  O    As  &*Sb    SO3    PbO,Si03    PbO    ZnO    FejOj  SiOj  &  BaO.SOj 
77  25         2'8  2'9  180       1-5        4'5  123 

4.  Reverberatory  Hearth  Ends. — The  hearth  being 
made  of  clay  is  impregnated  with  more  or  less  sulphuretted, 
oxidised,  and  metallic  lead.  It  may  be  smelted  together  with 
the  residues. 

a.  THE  CARINTHIAN  REVERBERATORY  PROCESS. 

In  general  this  process  produces  a  perfedlly  pure  lead, 
a  good  yieldj  and  very  little  slags ;  which  are,  moreover,  so 
poor  in  lead  that  they  may  be  thrown  aside.  This  can  only 
be  effe(5led  by  using  very  pure  ores,  and  being  content  with 
a  small  produ(5tion  and  a  comparatively  great  consumption 
of  fuel,  time,  and  labour.  Therefore  the  purer  the  ores  and 
the  cheaper  labour  and  fuel  (wood)  are  to  be  had,  the  more 
satisfactory  will  be  the  result.  The  manipulation  consists 
in  roasting  the  galena  during  the  first  period  at  a  gradually 
increasing  temperature,  until  oxide  and  sulphate  of  lead  are 
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produced  in  sufficient  quantity  to  admit  of  the  extradlion 
of  the  greater  part  of  the  lead  during  the  second  period,  by 
then  raising  the  temperature  and  repeatedly  manipulating 
the  roasting  mass.  The  following  equations  represent  the 
reaftion  which  takes  place  : 

I.  PbS  +  2PbO   =  3Pb  +  SOa. 
11.  PbS  +  PbOS03  =  2Pb  +  2S0a. 

Galena  also  is  partly  transformed,  during  roasting,  into 
subsulphide  of  lead  (Pb^S),  from  which  the  lead  is  extracted 
likewise  by  the  oxidised  components.*  The  lead  obtained 
at  the  lower  temperature  (virgin  lead)  is  allowed  to  run  at 
once  on  the  inclined  hearth,  out  of  the  furnace,  in  order  to 
lessen  the  loss  by  volatilisation ;  this  lead  is  of  great  purity. 
By  continually  stirring  up  the  roasting  mass,  fresh  portions  of 
galena  are  caused  to  oxidise,  and  by  the  readlion  of  the  oxides 
upon  the  sulphides  the  extradlion  of  lead  is  continually 
going  on.  The  galena  thus  becomes  more  and  more  decom- 
posed until  it  reaches  a  point  at  which  the  roasting  mass 
is  chiefly  composed  of  oxide  and  sulphate  of  lead  and  small 
quantities  of  oxysulphide  of  lead  ;  this  compound  now  gives 
no  more  lead  by  simply  heating.  Here  commences  the  third 
period,  i.e.,  working  up  of  the  remaining  dough-like  mass 
at  a  higher  temperature,  and  mixing  it  with  coal  or  wood. 
By  this  operation  the  free  oxide  of  lead  and  the  oxide  con- 
tained in  the  oxysulphide  become  reduced,  and  the  sulphide 
of  lead  liberated  from  the  latter,  as  also  the  sulphide  which 
has  been  reduced  from  the  sulphate  of  lead,  become  trans- 
formed into  metallic  lead  by  the  surplus  oxide  of  lead ;  so 
that  at  last  there  will  remain  a  comparatively  small  quantity 
of  slag,  poor  in  silver  and  not  worth  further  working.  If 
the  galena  used  contained  much  silver,  the  remaining  slags 
will  retain  a  certain  amount  of  it,  owing  to  their  combined 
sulphur.  The  lead  (press  lead)  extrafted  at  the  higher 
temperature,  is  less  pure  than  the  virgin  lead,  as  the 
compounds  of  foreign  metals  which  may  be  present,  get 
more  reduced  at  the  higher  temperature  of  this  period  than 
in  the  earlier  stages.    A  subsequent  melting  of  this  impure 

•  Plattner,  in  B.  u.  h.  Ztg.,  1854,  p.  22. 
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lead  in  the  reverberatory  furnace  will  purify  it.  To  carry 
out  the  process  economically  the  following  requirements  are 
necessary : — 

1.  Pure  OreSy  which  may  contain  a  small  amount  of 
lime,  heavy  spar,  and  blende,  but  must  be  as  free  as  possible 
from  silica  and  silicates.  An  amount  of  even  J  to  J-  per  cent 
of  silica  entails  a  great  loss  of  time,  fuel,  and  metal,  by 
prolonging  the  roasting,  unless  neutralised  by  a  corres- 
ponding addition  of  lime.  It  appears  that  a  small  ad- 
dition of  lime  is  advantageous  to  the  yield  even  when  the 
ores  are  free  from  silica.*  A  greater  amount  of  foreign 
substances,  though  it  may  not  interfere  chemically  with 
the  reac5lion,  always  prevents  the  lead  drops  upon  the  in- 
clined hearth  running  together,  and  causes  them  to  remain 
longer  in  the  furnace,  in  consequence  of  which  they  partly 
volatilise  or  combine  with  the  slags  after  becoming  oxidised. 
The  ores  must  be  poor  in  silver,  or  the  resulting  slags  will 
have  to  be  worked  up  again. 

2.  A  Perfed^  Control  of  the  Temperature. — This  is  only 
possible  when  using  light  charges  and  furnaces  of  small 
dimensions,  and  by  having  the  grate  at  the  long  side  of  the 
hearth  so  that  the  flame  may  aft  equally  on  all  parts  of  it. 
Such  charges  give  a  comparatively  small  production  of  lead, 
and  require  larger  consumption  of  fuel,  time,  and  labour. 
If  the  charges  are  increased  in  order  to  raise  the  produc- 
tion, the  slags  will  become  richer  and  the  yield  propor- 
tionately less.  If  the  reaftion  is  effedted  at  a  low  tem- 
perature, the  yield  is  greater,  and  the  lead  produced  is  of 
finer  quality. 

3.  The  use  of  Wood  as  Fuel. — Wood  lies  more  loosely  on 
the  grate,  and  allows  the  passage  through  it  of  the  surplus 
air  which  is  essential  at  this  period  of  the  process,  as  it 
assists  the  oxidation  of  the  galena.  A  coal  fire  has  not  this 
advantage.  As  a  great  deal  of  wood  is  burned,  the  process 
can  only  be  profitable  when  it  is  very  cheap  (say  to  £1  worth 
of  ore,  £1  worth  of  wood).  Brush-wood  is  only  used  in  the 
Spanish  lead  works,  and  necessitates  a  particular  construc- 
tion of  the  furnace. 

*  Oestr.  Zeitschrift,  1856,  p.  254. 
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Illustrations  of  the  Carinthian  Process.* 

Ores. — At  Bleiberg  and  RaibI,  in  Carinthia,  the  galena,  t 
poor  in  silver,  is  found  in  layers  in  Tyrolese  limestone,  asso- 
ciated with  blende,  calamine,  some  iron  pyrites,  sparry  lime- 
stone, fluor  spar,  and  heavy  spar,  together  with  the  rarer 
minerals,  wolfram,  red  lead,  and  vanadium  lead  ore.  Quartz 
and  silicates  only  occur  in  very  small  quantities.  The  zinc 
blende  contains  a  larger  amount  of  silver  than  the  galena. 
After  dressing,  the  ores  contain  65  to  72  per  cent  of  lead, 
and  only  8  to  10  of  gangue,  mostly  carbonate  of  lime  with  a 
little  blende  and  heavy  spar.  The  richest  are  those  schlich 
obtained  by  huddling  the  ore ;  washed  produfts  are  not  so 
rich. 

Furnaces. — The   smelting  furnaces  do  not   require  for 

their  construdlion  very  refradtory  materials  (red  sandstone) ; 

usually  two  furnaces  are  placed  side  by  side,  and  have  but  one 

chimney.     (Figs,  i  to  4),  a,  is  the  grate,  having  4  inches  space 

Fig.  I.  Fig.  2. 


<J — ^ 


between  the  fire  bars  ;  b,  the  sloped  hearth.  The  inclination 
increases  from  8  to  40  inches,  and  is  formed  of  two  layers, 
6  inches  thick,  the  lower  one  of  which  is  composed  of  pressed 

•  VonBorn's,  Bergbaukunde,  1789,  ii.  80.  Karsten,  Metallurgische  Reise, 
Halle,  1821,  ig8.  Ueber  die  Karnthner  Bleihutten :  Reisen  eines  Ungenannten 
durch  einige  Theile  von  mittagl.  Deutchland,  Erfurt,  1795.  Boulanoer,  uber 
die  Schmelz-processe  in  Bleiberg;  Annales  des  Mines,  3  s^r.  vii.  167. 
Lampadius,  Hiittenkunde,  ii.  Thl.  2  Bd.  263.  Karsten,  Archiv.  i.  R.  vi.  197, 
Phillips,  Mittheilungen  iiber  den  Bergbau  bei  Bleiberg  in  Kiirnthnen ;  Annales 
des  Mines,  iv.  ser.  torn,  viii.5  livr.  de  1845.  Bergwerk8freund,xi.  161.  Karsten, 
M^tallurgie,  v.  95.  Wehrle,  Hiittenkunde,  ii.  §  913 — 921.  Rivot,  M^tal- 
lurgie  du  Plomb  et  de  TArgent,  i860,  p.  298.  Bauer,  in  Kraus'  Oesterr. 
Jahrb.  1855,  p.  364. 

f  Erzvorkommen  :  Cotta,  Erzlagerstatten,  1861,  ii.  341.  Alter  des  Raibl. 
Bergbaus,  Bergwerksfreund,  xvi.  313.  Verwaltungsberichte  der  K.  K.  Berg- 
hauptmannschaften  iiber  VerhKItnisse  und  Ergebnisse  des  Oester :  Bergbaus 
in  den  Jahren.  1855  und  1858,  Wien,  1856  und  1859. 
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Fig.  3. 


Fig,  4. 


clay,  and  the  upper,  one  of  furnace  residues  made  compadl  by 
exposure  to  a  strong  fire,  c,  are  iron  plates  to  rest  the  iron 
tools  on.  g,  trough  for  receiving  the  lead,  formed  out  of  coal- 
dust,  18  inches  long,  16  broad,  and  10  deep,  e,  is  the  flue 
for  colledling  the  lead  smoke. 

The  furnace,  still  red  hot  from  the  last  charge,  is,  after 
the  upper  layer  of  the  hearth  is  repaired,  charged  with  4 
cwts.  of  ore,  which  is  uniformly  spread  over  the  hearth.  The 
grate  still  contains  glowing  coal  from  the  preceding  charge, 
and  it  is,  therefore,  not  necessary  to  put  wood  upon  it  during 
the  first  three  hours  of  roasting.  The  roasting  mass,  during 
this  period,  is  only  stirred  up  eight  or  nine  times  by  means 
of  cast-iron  rabbles.  At  this  stage  of  the  operation  three  or 
four  pieces  of  fir-wood  are  put  upon  the  grate,  and  now,  for 
about  four  hours,  the  period  of  the  stirring  at  a  somewhat 
higher  temperature,  continues.  The  roasting  mass  is  mani- 
pulated until  no  more  lead  runs  from  the  sloped  hearth. 
One  hour  is  now  allowed  for  oxidation,  the  fire  is  re-stirred, 
and  the  smelting  mass  worked  up  again ;  and  these  opera- 
tions (alternate  roasting,  readling  of  the  oxides  upon  the 
sulphides,  and  continually  shortening  the  intervals  of  oxida- 
tion) are  carried  on  until  the  mass  in  the  furnace,  now  at  a 
bright  red  heat,  begins  to  frit.  The  resulting  residues  are 
then  stiffened,  by  mixing  them  with  a  little  small  coal,  and 
removed  from  the  furnace.  A  second  charge  is  then  worked 
in  the  same  manner.  The  first  charge  yields  about  154  lbs., 
and  the  second  123  to  132  lbs.  of  virgin  lead.  The  residues  of 
both  operations  are  then  worked  together. 
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At  the  period  of  the  pressing,  the  residues  of  both  charges 
are  first  mixed  together  in  the  bright  red-hot  furnace,  and  the 
heat  is  kept  up  for  an  hour.  The  mass  is  continually  being 
worked  up,  and  about  44  lbs.  of  less  pure  lead  (press-lead) 
is  reduced,  chiefly  by  the  readtion  of  the  coal  which  has  been 
mixed  up  with  the  mass.  After  fifteen  hours,  about  3  cwts. 
of  lead  are  colledled  in  the  reservoir,  the  result  of  a  con- 
sumption of  33  to  34  pieces  of  wood,  and  the  masses  become 
pasty  at  the  cherry-red  heat  of  the  furnace.  By  adding  more 
wood,  4  or  5  pieces  per  hour,  the  temperature  is  again  gradu- 
ally raised  for  seven  or  eight  hours,  whilst  the  masses  are 
continually  worked  up,  and  a  spade-full  of  small  coal  or  wood 
mixed  up  with  them,  till  no  more  lead  is  produced,  and  the 
furnace  has  attained  a  very  high  red  heat.  About  2  cwts.  of 
lead  are  produced  during  this  last  period.  The  residues, 
amounting  to  about  12  or  13  per  cent,  are  removed  from  the 
furnace,  and  if  they  contain  as  much  as  7  or  8  per  cent  of 
mechanically  mixed  lead,  they  are  pounded  and  washed. 
Poorer  slags  are  thrown  aside  or  used  to  repair  the  hearth. 
The  lead  resulting  from  all  these  operations  is  run  out  from 
the  reservoir  upon  the  floor  of  the  smelting-house,  and  re- 
melted  in  the  lower  part  of  the  reverberatory  hearth :  this 
re-melting  requires  about  twenty-five  minutes. 

A  double  charge  of  8  cwts.  of  ore  yields  in  twenty-four 
hours,  about  5  cwts.  of  lead  in  pigs,  with  a  consumption 
of  81  to  85  pieces  of  wood.  The  ores  containing,  according 
to  the  dry  assay,  65  per  cent,  but  in  reality  at  least  69  per 
cent  of  lead,  yield  about  60  per  cent;  there  is,  therefore,  a  loss 
of  lead  amounting  to  9  or  10  parts  for  100  parts  ore,  or  14  to 
15  per  cent  on  the  lead  contained  in  that  ore.  The  loss  in 
rich  ores  is  therefore  very  trifling ;  but  taking  into  con- 
sideration the  small  production,  the  cost  for  fuel  and  labour 
is  large.    The  cost  per  ton  of  ore  amounts  to — 

£    s.    d. 

Wood  (i"6o  ton) o    8  10 

Labour o  10    oj^ 

Tools,  repairs,  &c 027^ 

Total     .     .       £11.6 
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If  the  workmen  produce  more  lead  from  the  ore  than  it 
is  reported  to  contain  according  to  the  assay,  they  are  allowed 
a  premium  of  about  3  farthings  for  each  22  lbs.  of  lead  gained  ; 
but,  on  the  other  hand,  they  have  to  pay  a  penalty  of  i^. 
for  every  22  lbs.  if  they  produce  less  ;  this  is  after  dedudling  2, 
3,  4, 5,  6,  &c.  per  cent  loss,  which  is  allowed  for  ores  contain- 
ing 82,  80,  78,  74  per  cent.  In  the  same  way  the  workmen 
are  paid  a  premium  of  y^d.  for  every  6  cwts.  of  wood  which 
they  save ;  having  to  pay  is.  2  Jd.  for  each  6  cwts.  used  beyond 
the  allowance. 

For  working  two  charges  of  ore,  each  workman  receives 
2s.  gd.  Two  furnaces  produce  180  tons  of  lead  per  annum, 
consuming  300  tons  of  ore  and  480  tons  of  wood.  Two  assis- 
tant workmen  are  required,  each  receiving  about  is.  wages 
for  a  day's  work  of  12  hours,  and  also  six  workmen  for  725 
shifts  of  23  hours  each,  receiving  3s.  2d.  per  shift.  The 
expense  for  tools  amounts  to  ;f20,  and  the  total  cost  per 
annum  is  ;f  326  8s.  One  cubic  metre  of  the  wood  employed 
weighs  about  6  cwts. ;  therefore  i  ton  ( =  1,000  kilogr.)  occupies 
a  space  of  about  3*3  cubic  metres. 


The  following  improvements  have  been  introduced  in  order 
to  increase  the  production  of  lead,  and  to  lessen  the  expense 
of  fuel  and  labour. 

The  smelting  has  been  carried  out  in  double  furnaces,  in 

which  there  are  two  hearths  placed  one  above  the  other ;  the 

flame  of  the  lower  being  condudled  over  the  upper  one.     Figs. 

5  and  6  will  serve  to  explain  the  general  form  and  constru<ftion 

Fig.  5.  Fig.  6. 


I- 
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of  the  furnaces  used  since  1840,  at  Bleiberg,  Kreuth,  and  Raibl. 
The  flame,  after  passing  over  the  lower  hearth  a,  enters  the 
upper  one,  b.  On  this  a  charge  of  8J  cwts.  of  pounded  and 
washed  ore  is  roasted  for  about  eleven  hours,  at  a  temperature 
not  exceeding  800°  C,  giving  an  average  yield  of  ij  cwts.  of 
lead.  On  the  lower  hearth  a  previously  roasted  charge  is  at 
the  same  time  worked  in  the  way  already  described.  This 
operation  requires  rather  more  than  eleven  hours,  and  yields 
from  two  charges  of  16J  cwts.,  nearly  11  cwts.  of  lead  when 
the  worked  ores  contain  72  per  cent  lead,- and  10  cwts.  36  lbs. 
lead,  when  they  contain  69  to  70  per  cent  of  lead.  The  yield 
of  lead  in  double  furnaces  is  somewhat  higher  than  in  single 
furnaces,  as  the  roasting  is  more  complete  and  the  tempera- 
ture lower.     The  cost  both  of  fuel  and  labour  is  also  less. 

The  cost  for  i  ton  of  ore,  yielding  0*620  to  0*650  ton  of 
lead,  amounts  to — 

£    s.     d. 

Wood  (I'li  ton) o    6     if 

Labour 09  ii| 

Tools,  wear  and  tear,  and  sundries    .     .    o    2    7I 

Total  .  .  ;fo  18  8| 
About  302  tons  of  ore,  yielding  189  to  198  tons  of  lead, 
may  be  worked  annually  in  a  double  furnace.  In  spite  of  these 
favourable  results,  double  furnaces  have  been  abandoned  for 
single  furnaces,  as  the  repairs  in  double  furnaces  are  so  fre- 
quent and  expensive  that  they  outweigh  the  advantages,  and, 
moreover,  they  require  more  skill  and  intelligence  on  the  part 
of  the  workmen.  The  supposed  advantages  of  the  double 
furnace  led  to  the  construction  of  furnaces  with  three  hearths, 
one  above  another ;  but  these  were  also  unsatisfactory. 

North  American  lead  hearths  were  first  tried  in  the  year 
1843,  but  they  are  used  only  for  very  pure  ores.  A  greater 
loss  of  lead  results,  though  less  fuel  is  used. 

Produdlion. — In  Carinthia  there  were  produced  in  i860,  by 
the  Aerar  Smelting  Works,  17,773,  and  by  private  smelting 
works,  52,086  cwts.  of  lead,  at  an  average  expense  of  about 
£1  los.  per  cwt.  This  is  about  five-ninths  of  the  annual 
lead  production  of  Austria,  which  amounts  to  125,000  cwts. 
The  Carinthian  lead  is  celebrated  for  its  purity,  and  is  sold 
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under  the  name  of  Villacher  lead,  taking  its  name  from  the 
town  of  Villach. 

At  Holzappel,  in  Nassau,*  the  purer  ores  were  formerly 
smelted  in  Carinthian  furnaces,  which  are  now  only  used 
for  the  reduction  of  litharge,  the  ores  being  worked  in  cupola 
furnaces.  At  Davos, t  in  Graubiindten,  ores  containing 
64  to  68  per  cent  of  lead,  and  3  to  4  per  cent  of  quartz, 
8  to  10  per  cent  of  lime,  fluor  spar,  and  a  little  blende,  are 
smelted  in  furnaces  having  the  fire-grate  at  their  narrower 
side,  as  is  shown  in  the  accompanying  seftions  (Figs.  7  and  8) 
where  a  is  the  grate ;  b,  fire  bridge  with  side  flues  c ;  d, 
hearth ;  e,  lead  sump ;  /,  chimney  piece ;  and  g,  chimney. 

Fig.  7. 

J 


Charges  of  ij  cwts.  are  smelted  every  six  hours.  They 
are.  first  roasted,  and  then  allowed  to  readl  upon  each 
other  at  an  increased  temperature,  during  which  operation 
most  of  the  lead  runs  off ;  the  temperature  is  then  lowered 

•  Erzvorkommen  zu  Holzappel,  Cotta*s  Erzlagerstatten,  ii.,  143,  667. 

t  Erzvorkommen  zu  Davos:  Deicke,  in  B.u.  h.  Ztg.,  1859,  p.  178.  Hutten- 
BETRiEB,  Karst.,  Arch.  L,  R.  vi.,  204.  Karst.  Metallurgie,  v.,  102.  Wehrle's 
Huttenkunde,  ii.  257.    Revue  Universelle,  5  ann.,  3  livr.,  1861,  p.  360. 
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Fig.  8. 


for  a  short  time^  charcoal  and  green  wood  are  added,  and 
again  the  temperature  is  raised.  In  this  way  an  additional 
quantity  of  lead  is  extradled,  and  the  processes  of  roasting  and 
redudlion  are  once  more  repeated.  Finally,  the  ashpit  is 
completely  closed,  the  working  door  partly  closed,  a  cast- 
iron  plate  put  into  the  lead  basin,  and  the  lead  stirred  up 
with  a  wooden  pole.  The  lead  is  skimmed,  and  the  scum 
returned  to  the  hearth,  whilst  the  lead  is  run  into  the 
moulds. 

7  cwts.  of  ore  yield  in  twenty-four  hours,  4  cwts.  of  crude 
lead,  and  33  lbs.  of  slag,  containing  zinc  and  about  3  per  cent 
of  lead,  at  a  consumption  of  about  18  cwts.  of  wood,  22  lbs. 
of  charcoal,  and  11  lbs.  of  green  wood.  When  the  slags 
have  accumulated  sufficiently,  they  are  roasted  and  reduced 
in  quantities  of  4  cwts.  at  a  time.  Two  workmen  attend 
to  the  furnace  for  twenty-four  hours.  The  expense  this  time 
being  12s.  3d.  for  fuel,  3s.  2d.  for  wages,  and  lod.  for  tools, 
each  cwt.  of  crude  lead  costs,  therefore,  4s.  In  Carinthian 
furnaces  the  same  amount  of  lead  is  produced  with  less  ex- 
penditure of  fuel  and  labour. 

In  the  interior  of  Southern  Spain*  the  reverberatory  furnaces 

•  Karsten*s  Met.,  v.,  loi.  Ann.  d.  Min.,  3  s^r.,  xix.,  215,  239.  Bergwfd.,  v. 
113.     B.  u.  h.  Ztg.,  1850,  p.  82  ;  1855,  p.  254,  347 ;  1861,  p.  349,  1862  p.  52. 

D 
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(Boliche,  Reverberero  de  Cuba,  Reverberero  Castellano)  have 
the  form  of  cupelling  furnaces,  with  a  circular  hearth  of  I'gS 
to  2'25  metres  diameter,  the  arched  roof  being  i'20  metre 
from  the  hearth.  The  hearth  is  sometimes  not  circular,  but 
square;  this  is  supposed  to  concentrate  the  heat  better.  The 
hearth  is  furnished  with  a  trough  of  about  0*45  to  i  metre 
in  width  for  the  coUeftion  of  the  lead,  from  which  again  the 
lead  is  run  by  means  of  a  canal  into  a  redlangular  basin  of  about 
I  metre  square,  placed  outside  the  furnace.  The  fire-place 
is  solid,  without  either  grate  or  ashpit,  as  only  wood  chips, 
branches,  and  brush  wood  are  used  as  fuel ;  and  it  has  been 
proved  by  experiments  that  when  this  fuel  is  burned  upon 
grates  it  does  not  produce  a  sufficiently  equal  temperature. 
In  order  to  produce  as  complete  an  aftion  of  the  fuel  as 
possible,  there  is  a  contrafted  part  opposite  the  working  door 
which  obstructs  the  hot  gases.  These  pass  the  bridge  by 
means  of  channels  round  the  sides  and  also  over  the  top, 
when  they  come  to  a  second  elliptic  or  three-cornered  hearth, 
whence  they  escape  by  a  channel  into  the  chimney. 

Charges  of  about  12  cwts.,  containing  72  to  75  por  cent  of 
lead,  and  consisting  of  f  ore,  J  of  very  rich  slags,  and  ^V  lead 
skimmings,  are  thrown  in  every  20  to  25  minutes;  the  charge 
is  spread  over  the  hearth  about  0*25  metres  deep  (a  little 
higher  near  the  bridge),  and  is  kept  at  a  red-heat  till  no  more 
drops  of  lead  appear ;  the  mass  is  then  stirred  up,  and  the 
temperature  gradually  increased  so  long  as  lead  runs  off. 
When  this  ceases,  charred  fuel  and  ashes  are  added,  which 
aft  partly  by  reducing  and  partly  by  rendering  the  slag 
liquid  by  reason  of  the  alkali  in  the  ash.  The  slag  then  flows 
into  the  sump,  and  thence  out  of  the  working  door. 

The  contents  of  the  sump  are  then  stirred  up,  the  rich 
slags  are  again  mjxed  with  coal  near  the  bridge,  and  the  lead 
is  run  from  the  furnace.  The  above  charge  yields  in  about 
5  hours,  5^^  to  7  cwts.  of  lead,  equal  to  45  to  48  per  cent  of 
lead,  and  40  per  cent  rich  residue,  containing  18  to  22  per 
cent  of  lead,  and  yielding  12  to  15  per  cent  when  smelted  in 
small  cupola  furnaces.  About  3  tons  of  wood  are  used  every 
24  hours  ;  and  the  cost  for  smelting  amounts  to  lod.  for 
each  cwt.  of  ore,  and  to  is.  gd.  for  each  cwt.  of  lead. 
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b.  THE   ENGLISH   REVERBERATORY  PROCESS. 

In  this  process  coal  is  used,  and  the  objedl  is  to  obtain  as 
large  a  produdlion  as  possible.    Therefore  larger  furnaces, 
having  three  working  doors  on  each  side,  are  employed,  so  as  to 
admit  of  greater  charges  and  a  quicker  working  at  high  tem- 
peratures.   In  consequence  of  this  high  temperature,  a  great 
deal  of  oxysulphide  of  lead  is  formed ;  and  although  it  is  for 
the  most  part  decomposed   by  lime,  still   it   enriches  the 
slags  so  much  as  to  render  it  necessary  to  re-smelt  them, 
either  in  cupola  or  hearth  furnaces.     For  this  reason  the 
yield  of  lead  is  smaller  than  when  Carinthian  furnaces  are 
used.    Attempts  have  been  made  to  lessen  the  loss  of  metal 
by  volatilisation  by  construdting  extensive  smoke-condensing 
flues.   The  purer  the  ores  are  the  more  favourable  the  result, 
and  a  small  amount  of  lime  in  the  ore  is  advantageous 
(Flintshire.)    If  the  ores,  in  consequence  of  a  greater  amoifnt 
of  lime  and  heavy  spar,  are  poorer  (Derbyshire,  Wales),  the 
regular  English  process,  as  adopted  in  Flintshire,  is  some- 
what modified.     Silica,  if  only  to  the  extent  of  i  or  2  per 
cent,  is  always  disadvantageous,  and  causes  a  scorification 
of  lead  at  the  high  temperatures  required  for  the  process. 
The  presence  of  sulphide  of  antimony  also  facilitates  scori- 
fication.    By  this  method  it  is  possible  to  smelt  ores  which 
are  rich  in  silver,  as  well  as  those  which  contain  little  silver, 
the  presence  of  lime  preventing  the  formation  of  rich  argen- 
tiferous sl^gs.     According  to  the  purity  of  the  lead  and  the 
amount  of  silver  it  contains,  it  is  either  sold  direft,  or  is 
cupelled,  or  worked  by  Pattinson's  process. 

The  general  outline  of  the  English  process  is  as  follows : — 
Larger  quantities  of  galena  are  roasted  for  a  short  time  at  a 
rapidly  increasing  temperature.  In  this  way  there  will  be 
less  oxidised  produdl  in  comparison  with  the  undecomposed 
galena  than  in  the  Carinthian  process.  If  the  charge  is  ex- 
posed in  this  condition  to  a  higher  temperature,  lead  and 
sub-sulphide  of  lead  will  be  formed  by  the  action  of  the 
oxides  upon  the  sulphide  : 

2PbS  +  PbO,  SO3  =  Pb  +  PbaS  +  2S0a. 

D  2 
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As  soon  as  the  lead  ceases  to  run  off,  the  temperature  is 
lowered ;  the  subsulphide  of  lead,  consisting  of  92*8  per  cent 
of  lead  and  7*2  per  cent  of  sulphur,  becomes  decomposed  into 
sulphide  of  lead  and  metallic  lead,  as  it  can  only  exist  at 
a  high  temperature,  but  not  in  a  pasty  state.  If  air  is 
admitted  during  the  cooling,  part  of  the  sulphide  is  oxidised, 
and  upon  raising  the  temperature  metallic  lead  is  again  pro- 
duced. The  objedl  is  to  extradl  as  much  lead  as  possible  by 
a  rapid  alternation  of  temperature,  and  repetition  of  the  cal- 
cining and  reduftion.  As  the  temperature  rises,  a  point  will 
be  reached  at  which  the  charge  becomes  liquid,  and  the  oxy- 
sulphide  fuses.  To  decompose  this,  an  addition  of  lime  and 
air  is  necessary.  When  by  this  means  no  more  lead  is  ex- 
tracted, the  remaining  rich  slags  must  be  removed  from  the 
reverberatory  furnace,  and  afterwards  treated  in  a  cupola  or 
hearth  furnace. 

Owing  to  the  large  charges  and  the  rapidity  with  which 
the  different  roasting  and  redudlion  periods  follow  each  other, 
the  yield  of  lead  is  not  so  great  as  in  the  Carinthian  process; 
but  skilful  smelters  are  able  to  extradl,  in  well-construdled 
furnaces,  60  per  cent  of  the  lead  contained  in  the  ores,  besides 
that  which  is  afterwards  extrafted  from  the  residues  by  means 
of  lime.  A  certain  quantity  of  white  lead  ore  in  galena  con- 
siderably shortens  the  time  of  roasting;  it  gives  a  larger  yield, 
of  lead  at  a  lower  temperature  during  the  second  period,  and 
lessens  the  quantity  of  slag. 

The  hollow  or  funnel-shaped  hearth  is  furnished  with  a 
sump  for  colledling  the  reduced  lead.  Slight  alterations  in 
the  dimensions  of  the  furnace  are  found  to  diminish  the 
yield  of  metal,  and  increase  the  consumption  of  fuel.  When 
working  rich  ores,  the  calcination  and  redudlion  are  effecSted 
in  the  same  furnace ;  but  poor  ores,  especially  those  containing 
pyrites,  are  worked  in  different  furnaces.  The  English  smelter 
generally  uses  more  fuel,  but  works  with  less  loss  of  metal 
than  the  German.  The  expense  of  the  English  process  is 
comparatively  small,  and  the  profit  or  loss  of  smelting  works 
therefore  chiefly  depends  on  the  price  of  the  ore  and  the  per- 
centage of  metal  extrafted. 
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Illustrations  of  the  English  Process. 

This  process  is  carried  out  in  the  normal  manner  in  Flint- 
shire,* at  the  lead  works  of  Walker,  Parker,  and  Co.,  Deebank ; 
and  of  Keates,  at  Bagilt;  at  the  Panther  lead  works  in  Bristol ; 
at  the  lead  works,  Gallongate  in  St.  Anthony,  near  Newcastle- 
upon-Tyne,  &c. 

Ores. — English  lead  orest  occurring  in  carboniferous  lime- 
stone, are  mostly  very  pure  when  dressed.    They  contain  70 
to  75  per  cent  of  lead,  and  8  or  10  ounces  of  silver  to  the  ton; 
the  lead  ores  occurring  in  veins  in  the  Cambrian  clay  slate 
in  Cardiganshire,  on  the  west  coast  of  Wales,  are  richer  in 
silver.     Valuable  lead  ores  are  also  found  in  the  clay  slate 
rocks  (killas)  of  Cornwall,  in  the  Isle  of  Man,  &c.     Besides 
these   ores,  others  from  Sardinia,  Spain,  America,  &c.,  are 
smelted  in    English   lead  works.      Ores  containing  much 
quartz  are  not  bought  at  all ;  those  which  happen  to  contain 
a  little  quartz  are  carefully  mixed  with  ores  free  from  silica ; 
and  ores  poor  in  silver  are  mixed  with  ores  rich  in  silver. 
The   normal  process  can  be  properly  carried  on  only  with 
rich  (70  to  75  per  cent)  and  calcareous  ores. 

Smelting  the  Ore. — The  English  reverberatory  furnaces 
differ  from  all  other  lead  furnaces  in  being  much  larger. 
They  vary  in  different  smelting  works,  and  they  also  have 
three  working  doors  on  each  side  of  the  hearth.  The 
furnaces  at  the  lead  works  in  Flintshire  are  represented  in 
Figs.  9  and  10,  with  the  dimensions  given,  a  is  the  grate ;  b, 
the  fire-bridge  ;  c,  the  hearth,  composed  of  a  mixture  of  quartz 
sand,  a  little  ferruginous  clay,  and  poor  slags.  The  hearth  is 
sometimes  formed  of  slag  alone,  which  is  then  heated  in  the 
furnace  with  closed  doors,  in  quantities  of  7  or  8  tons  at  a 
time,  until  it  assumes  a  semi-fluid  condition  ;   it  is  then 

♦  DuFRENOY  et  El  de  Beaumont,  Voyage  M^tallurgique  en  Angleterre. 
Paris,  1827,  Ann.  d.  Min.,  i  s^r.,  xii.,  361,  401 ;  vii.,  73 ;  2  s^r.,  vii.,  3,  14 ;  xvi., 
404.  Jars,  Metallurg.,  Raise  iii.,  916,  945,949.  Karsten^s  Arch.,  i  R.,  xiv., 
302,  358,  361.  Russeger's  Reisen,  iv.,  493.  Karstens^s  Metallurgie,  v.,  103, 
Wehrle's  Hiittenkunde,  ii.,  301.  Phillips*  Manual  of  Metallurgy.  London. 
1852,  p.  489.  RivoT,  Metallurgie  du  Plomb  et  de  T Argent,  i860,  316.  B.  u. 
h.  Ztg.,  1859,  p.  368.     Berggeist,  1861,  No.  39. 

f  Annales  des  Mines.,  5  s^r.,  xi.,  391.    Cotta,  Erzlagerst,  1861,  ii.,  494,  499, 
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Fig.  9. 
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Fig.  10. 


worked  into  the  proper  form  with  rakes  and  paddles.  This 
hearth  rests  upon  a  layer  of  fire-bricks,  very  carefully 
arranged,  d  is  the  lowest  point  of  the  hollow  or  funnel- 
shaped  hearth,  the  so-called  sump,  in  which  the  reduced 
metal  is  coUedled,  so  as  not  to  expose  it  too  long  to  the 
strongly  heated  draught  of  air.  From  the  sump  the  lead 
can  be  run  off  through  a  hole  into  the  exterior  basin,  g;  this 
tap  hole,  when  not  in  use,  is  closed  with  a  pellet  of  clay  ;  be- 
sides this  there  is  usually  a  hole  on  the  labourer's  side  of  the 
furnace,  and  one  at  the  surface  of  the  metal  bath  in  the  sump 
for  drawing  out  the  slags,  e,  e  are  working  doors,  lined  with 
iron  plates,  0*25  metre  wide  and  0*20  metre  high,  on  the 
interior,  and  0*50  metre  wide  and  0*40  metre  high,  on  the 
exterior,   and  situated    1*33  metre  above  the   floor  of  the 
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smelting-house ;  they  are  capable  of  being  tightly  closed, 
when  necessary,  by  means  of  iron  plates.  /  is  a  hopper  for 
supplying  the  furnace  with  ore,  by  means  of  a  valve,  or  a  lid, 
with  which  it  is  furnished ;  during  the  smelting  process  it  is 
covered  with  a  cast-iron  plate.  A,  h  are  flues,  o'3o  metre 
wide,  and  0*45  metre  high,  communicating  with  a  chimney 
I  metre  square  in  the  interior,  and  20  metres  high,  by 
the  inclined  channel  i,  and  the  horizontal  channel  k.  The 
channels  i  and  k  are  either  considered  sufficient  for  condens- 
ing the  lead  smoke  (as  at  Deebank),  or  separate  condensing 
apparatus  is  construdled  for  this  purpose,  as,  for  instance,  at 
the  Panther  Lead  Works. 

It  is  always  advisable  to  employ  these  condensing  cham- 
bers with  cupola  furnaces,  and  they  are  also  always  used  with 
slag  and  Scotch  hearths;  but  as  they  usually  injure  the 
draught,  they  are  sometimes  omitted  with  reverberatory 
furnaces. 

The  interior  of  the  furnaces  is  built  with  fire-bricks,  and 
the  outside  with  common  bricks ;  between  the  two  a  hollow 
space  is  left,  0*05  metre  wide,  filled  with  some  non-condudlor 
of  heat.  The  furnaces  are  strongly  fastened  with  grappling 
irons,  and  each  requires  for  its  ereftion  about  5,000  common 
and  2,000  fire  bricks,  and  2^  tons  of  clay.  The  furnaces  in 
the  north  of  England  are  somewhat  smaller,  but  in  Cornwall 
they  are  larger. 

In  Flintshire  the  following  treatment  of  ores  containing 
70  to  75  per  cent  is  adopted.  The  furnace,  still  hot  from  the 
previous  operation,  is  charged  with  i  ton  of  ore  (in  New- 
castle charges  of  12  to  14  cwts.  are  used,  while  in  Cornwall 
charges  of  30  cwts.  are  sometimes  worked),  the  damper 
being  lowered  whilst  the  galena  is  being  spread  out,  and 
until  it  has  ceased  to  decrepitate.  The  damper  is  then  par- 
tially raised,  and  a  sufficient  -fire  made  up  to  keep  the  tem- 
perature at  a  low  red  heat.  During  this  period,  called  the 
first  firing,  which  lasts  for  about  two  hours,  the  doors  must  be 
kept  close,  and  the  ore  turned  over  with  the  rake  about  five 
times.  As  soon  as  drops  of  lead  make  their  appearance, 
and  the  development  of  white  vapour  ceases,  the  doors  are 
shut,  the  damper  raised  a  little  more,  and  the  temperature 
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increased  for  the  second  firings  which  lasts  about  twenty 
minutes,  when  metallic  lead  and  some  slag  flow  into  the 
sump.  The  doors  are  then  opened,  the  mass  turned  over, 
and  the  slag  raked  away  so  as  to  uncover  the  lead  on  the 
hearth  ;  lime  is  then  added,  and  the  doors  again  opened,  so  as 
to  allow  the  contents  of  the  furnace  to  cool  slightly.  In  about 
three  and  a-half  hours'  time  the  third  ^n»^  commences ;  in  this 
the  alternate  roasting  and  strong  firing  is  continued  as  long 
as  lead  is  reduced,  and  the  slag  does  not  liquefy  too  much. 
In  about  five  hours  the  contents  of  the  furnace  fuse  at 
the  increased  temperature,  and  flow  into  the  sump.  The 
doors  are  again  opened,  and  lime  is  thrown  on  the  slag  in 
the  sump  to  diminish  its  fusibility.  The  stiffened  mass  is 
then  drawn  back  and  spread  over  the  hearth,  the  doors  are 
closed,  and  a  good  fire  kept  up  for  five  or  ten  minutes.  The 
mass  in  the  furnace  is  next  well  turned  over,  by  which 
means  lead  is  allowed  to  run  out,  and  the  alternate  lowering 
and  raising  the  temperature  is  repeated,  with  a  frequent 
addition  of  lime,  until  lastly,  after  about  six  hours*  work, 
the  slags  yield  no  more  lead,  and  are  drawn  out.  The 
hearth  is  then  repaired  and  charged  again,  during  which 
time  the  lead  is  tapped  and  run  out  of  the  sump  into  an 
exterior  basin.  The  rich  slags  which  have  remained  in  the 
sump  are  placed  on  the  hearth  near  the  fire-bridge,  where 
they  are  mixed  with  small  coal  and.  worked  up  so  long  as 
lead  is  produced  from  them ;  they  are  then  added  to  the 
new  charge.  The  lead  which  has  coUedled  again  in  the 
sump  is  tapped  off,  and  the  sump  repaired.  If  on  the 
surface  of  the  lead  in  the  outside  basin  some  matt  appears, 
which  may  have  been  formed  by  the  use  of  iron  tools,  it  is 
removed,  the  lead  is  then  stirred  about  with  small  wood  and 
coal,  the  oxide  skimmed  off",  and  the  clean  metal  poured  into 
moulds. 

The  resulting  produces  are  (i)  very  pure  lead,  sometimes 
containing  as  much  as  ten  ounces  of  silver  to  the  ton,  which 
is  worked  according  to  Pattinson's  process ;  (2)  smoke  from 
condensing  flues,  which  is  worked  along  with  the  smoke  from 
the  slag  hearths ;  (3)  slags  for  smelting  in  hearths,  and  fur- 
nace-bottoms, which  are  worked  with  the  slags. 
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Four  charges  are  smelted  every  twenty-four  hours,  con- 
suming two  tons  of  coal  and  about  3  cwts.  of  lime.  Four 
workmen  attend  to  the  furnace,  two  of  them  working  for 
twelve  hours  at  a  time.  The  wages  for  one  man  are  about 
3s.  6d.  for  twelve  hours,  but  they  vary  according  to  the 
amount  of  ore  worked,  and  the  yield  of  lead.  The  under 
workmen  receive  2s.  for  twelve  hours.  One  ton  of  ore,  con- 
taining 78  per  cent  of  lead,  yields  0*630  ton  =  63  per  cent  of 
raw  lead,  containing  10  ounces  of  silver  in  the  ton,  and  0*250 
ton  (  =  25  per  cent)  of  slag,  containing  40  per  cent  of  lead, 
besides  several  pounds  of  smoke,  containing  nearly  ^  per  cent 
of  the  lead  of  the  ore.  If  the  produce  from  the  smoke  and  the 
slag  is  estimated  to  be  0*094  *o^>  ^^^  yield  of  one  ton  of  ore, 
which  contains,  according  to  the  assay,  0*780,  and  in  reality 
o'8io  ton  of  lead,  amounts  to  0*724  ton.  The  adlual  loss, 
therefore,  is  about  10  per  cent. 

The  expenses  for  working  one  ton  of  ore  by  the  reverberatory 
process  (a),  and  including  the  additional  expense  for  working 
up  the  slags  and  smoke  (fc),  amount  to — 

a.  b. 

S.     d,  5.      d. 

Labour 4  io|  6  io| 

Coal 25!  2    9i 

Coke o    9I 

Lime 05  o    4I 

Tools,  wear  and  tear,  &c.    .     .  o    7J  18 

Total     ....84!  12    7 

It  was  shown  on  page  29  that  the  expense  of  the  Carinthian 

pocess  was  much  greater,  amounting  to  £1  is.  6d.  per  ton. 

According  to  Phillips,*  ores  of  75^^  per  cent  yield,  in  the 

reverberatory  process,  68J^  per  cent,  and  the  smelting  of  their 

slags  and  smoke,  2t  per  cent,  making  together  71 J  per  cent 

•  of  lead,  which  gives  a  loss  of  4J  per  cent.     The  workmen 

receive  for  every  ton  of  lead  from  7s.  6d.  to  12s.  6d.,  according 

to  the  quality  of  the  ore.   In  the  northern  distrifts  of  England 

12  cwts.  of  coal  are  used  for  i  ton  of  ore,  and  the  loss  of 

metal  when  smelting  ores  of  60  per  cent  amounts  to  12  per 

cent,  6J  per  cent  of  which  is  regained  on  working  the  smoke 

•  B.  u.  h.  Ztg.,  1859,  p.  379. 
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and  slag.  Phillips  says  that  13I  cwts.  of  coal  are  used  for 
I  ton  of  ore- 
Treatment  of  Slags. — The  slags  are  treated  on  the 
slag  hearth  on  account  of  their  porosity,  which  prevents 
their  being  smelted  in  cupola  furnaces.  Figs.  11  and 
12  represent  a  hearth  such  as  is  used  at  Alston  Moor,  in 
Fig.  II.  Fig.  12. 


p-g-ht^ij// 


A 


Cumberland,  for  the  redudlion  of  lead  slag.  It  resembles  the 
Scotch  furnace;  the  shaft  is  a  parallelopiped,  the  base  of 
the  area  inside  measuring  26  inches  by  24  inches,  and 
the  height,  3  feet;  the  sole  plate,  a,  of  cast  iron,  slopes 
slightly  down  to  the  fore  hearth,  b.  Upon  each  of  the  longer 
sides  of  the  sole  plate  there  are  cast  iron  beams  of  great 
strength,  c,  c,  called  bearers,  to  support  the  side  walls,  built  of 
a  coarse-grained  sandstone,  and  the  cast  iron  plate,  d,  which 
forms  the  front  of  the  shaft.  This  stands  7  inches  from  the 
sole  plate,  leaving  an  empty  space  between  them.  The  back 
part  is  made  of  cast  iron,  from  the  sole  plate  to  the  horizontal 
tuyere  in  the  middle;  but  above  this  point  it  is  of  sand- 
stone. The  tuyere  is  from  ij  to  2  inches  in  diameter.  In 
front  of  the  fore  hearth,  6,  a  cistern,  e,  is  placed,  through 
which  water  flows  continually,  so  that  the  slags  which  over- 
flow the  fore  hearth  may  become  disintegrated,  whereby  the 
lead  disseminated  through  them  is  readily  separated  by 
washing.  The  lead  itself  flows  from  the  fore  hearth,  b, 
through  an  orifice,  into  an  iron  pot,  /,  which  is  kept  over  a 
fire.  The  whole  bottom  of  the  furnace  is  filled  to  a  height  of 
17  inches  (that  is,  to  within  2  or  3  inches  of  the  tuyere)  with 
coke  rubbish  reduced  to  coarse  powder  and  beat  strongly 
down.  After  each  smelting  shift,  this  bed  must  be  made 
anew,  and  the  interior  of  the  furnace  above  the  tuyere  re- 
paired, with  the  exception  of  the  front,  which  consists  of  cast 
iron.     In  front  of  the  furnace  there  is  a  basin,  which  is  also 
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filled  with  coke  rubbish.  Further  off  is  the  pit,  full  of  water, 
which  constantly  runs  in  through  a  pipe.  The  slag  flowing 
out  of  the  furnace,  passes  over  the  coke  bed  into  the  basin,  and 
then  falls  into  the  water,  which  makes  it  split  up  into  small 
pieces,  after  which  it  is  easily  washed,  so  as  to  separate  the 
lead  that  may  be  entangled  amongst  it.  As  a  considerable 
volatilisation  of  lead  takes  place  in  these  hearths,  they  must 
be  connected  with  proper  arrangements  for  condensation. 

The  charge  for  this  furnace  is  composed  of  1,000  parts  of 
reverberatory  slags  (consisting  chiefly  of  lime,  peroxide  of  iron, 
oxide  of  lead,  a  little  sulphide  of  lead,  and  sulphates  of  lead 
and  lime),  with  200  parts  of  coal  ashes  (silica,  alumina, 
peroxide  of  iron,  and  mechanically  mixed  coal),  132  parts  of 
aluminous  reverberatory  furnace  bottoms,  and  a  variable 
quantity,  usually  50  parts,  of  rich  hearth  slags.  The  lime 
of  the  reverberatory  slags  becomes  scorified  by  the  silica  and 
alumina  of  the  coal  ash  and  furnace  bottoms. 

About  six  hours  after  having  kindled  the  coke  on  the  hearth 
the  temperature  will  be  high  enough  to  begin  the  smelting, 
and  the  next  day  the  normal  charge  may  be  given.  The  slag 
mixture  is  piled  up  towards  the  back  wall  of  the  furnace,  and 
coke  towards  the  front  wall.  Owing  to  the  furnace  being  so 
low  it  is  difficult  to  obtain  a  uniform  nose.  During  the  opera- 
tion the  sulphates  of  lead  and  lime  are  decomposed  by  silica, 
and  the  resulting  silicate  of  lead  by  peroxide  of  iron  and 
lime ;  the  oxides  are  reduced  by  coal,  and  any  sulphide  of 
lead  which  may  be  present  or  formed  by  the  redudlion  of 
sulphate  of  lead  is  decomposed,  partly  by  the  iron  walls  of 
the  furnace,  and  partly  by  the  readlion  of  oxide  of  lead.  The 
following  produfts  are  obtained  by  this  process  : — The 
reduced  lead  trickles  through  the  porous  coke  rubbish  and 
flows  over  the  sloped  hearth  into  the  fore  hearth,  and  thence 
into  the  iron  pot.  The  slags  which  flow  out  at  the  front 
contain  about  5  or  6  per  cent  of  scorified  lead,  and  more  or 
less  is  mechanically  intermixed  with  lead,  as  the  continued 
movement  does  not  allow  a  complete  separation  of  lead  and 
slag.  The  rapid  melting  and  the  small  height  of  the  furnace 
also  cause  the  volatilisation  of  much  lead. 
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The  following  produfts  are  obtained  by  this  process: — 

1.  Slag  Lead,  which  is  much  less  pure  than  that  extracted 
diredt  from  the  ore,  and  requires  to  be  refined. 

2.  Smoke»  colledled  in  the  condensing]  flues.  This  is 
moulded  into  the  form  of  bricks  and  slowly  dried,  then 
smelted  in  hearth  furnaces  with  coal-ash  like  the  slags. 

From  65  tons  of  such  bricks  30  to  33  tons  of  pure  lead,  poor 
in  silver,  are  smelted  in  three  weeks.  The  yield  is  about 
^  of  the  lead  volatilised  in  the  slag  melting  process. 

The  cost  of  condensing  and  smelting  the  smoke  does  not 
exceed  £5  2s.  6d.  per  ton  of  lead  produced  from  it. 

3.  Slags,  poor  and  rich.  The  rich  slags,  which  contain  a 
great  deal  of  oxide  of  iron,  are  allowed  to  run  into  the  floor  of 
the  smelting  works ;  they  are  broken  into  pieces  about  the  size 
of  the  fist,  and  are  mixed  up  with  the  charges  for  the  hearth 
furnace.  The  poor  slags  are  either  run  into  water  and 
separated  as  before  described,  or  they  are  run  into  iron  pots, 
and  smelted  again  in  Castilian  furnaces.  The  Castilian 
furnace  is  a  cylindrical  hearth  furnace,  furnished  with  three 
tuyeres,  and  in  other  respedls  similar  to  the  hearth  furnace. 
By  using  coke  a  highertemperature  may  be  maintained  in  these 
furnaces  than  in  the  common  hearth  furnaces,  and  more  lead 
is  therefore  extradted.    This  furnace  is  described  at  page  46. 

At  Deebank,  about  3  tons  of  slag,  or  4  tons  of  the  mixture, 
are  smelted  in  24  hours,  with  J  ton  of  coke,  yielding 
about  I  ton  of  lead,  and  slags  containing  5  or  6  per  cent  of 
lead.  In  fourteen  days  about  48  tons  of  slag  are  smelted 
with  I3'50  tons  of  coke.  The  expense  of  smelting  the  slags 
amounts  at  Deebank  to  us.  6Jd.  for  i  ton,  requiring  0*280 
ton  of  coke  and  0*164  ^^^  of  co^^>  ^^^  yielding  0*350  ton  of 
lead  and  0*050  of  smoke.  The  application  of  hot  blast  in  the 
smelting  of  slags  has  efifecfted  a  considerable  saving  of  fuel, 
and  gives  a  larger  yield. 

At  the  Panther*  lead  works,  near  Bristol,  320  cwts.  of  lead 
slags,  containing  37  per  cent  of  lead,  are  produced  each  week, 
consuming  104  cwts.  of  coke,  and  yielding  116  cwts.  of  slag 
lead,  with  J  oz.  of  silver;  the  whole  loss  of  lead  therefore 

•  TuNNER,  Leoben,  Jahrb.,  1852,  [ii.,  154.  Karsten's  Arch.,  2  R.,  Bd.  25. 
B.  u.  h.  Ztg.,  1853,  p.  909-    B.  u.  h.  Ztg.,  1859,  p.  388. 
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amounts  only  to  2^^  cwts.  In  the  course  of  six  months  667 
tons  of  ore,  containing  77  per  cent  of  lead,  were  smelted, 
yielding  30  tons  of  smoke,  containing  3a  per  cent  of  lead. 

Instead  of  being  fed  by  a  cold  blast,  these  hearth  furnaces 
are  sometimes  supplied  with  hot  air.*  When  using  the  cold 
blast,  it  is  often  found  difl&cult  to  proportion  the  quantity  of 
slag  or  other  substance  operated  on,  so  as  to  prevent  the 
nose,  or  cone  of  slag  which  forms  at  the  end  of  the  tuyere, 
growing  too  long,  and  interfering  with  the  operation.  When 
the  substance  operated  on  is  poor  in  metal,  and  very  fre- 
quently refraftory,  the  smelter  is  obliged  to  break  off  this 
cone,  or  introduce  some  more  fusible  substance  to  cause  it  to 
melt.  By  the  introducJlion  of  hot  air  this  inconvenience  is 
removed,  since  by  increasing  or  lowering  the  temperature  of 
the  blast,  the  nose  may  be  allowed  to  lengthen  or  shorten, 
according  as  the  nature  of  the  slags  may  require.  The  tem- 
perature found  to  answer  best  is  from  250**  to  300**F. ;  when  it 
is  heated  much  higher  it  is  found  impossible  to  form  a  nose 
long  enough  to  convey  the  blast  to  the  front  of  the  hearth,  and, 
therefore,  the  back,  which  is  expensive  to  rebuild,  is  quickly 
destroyed. 

The  advantage  to  be  derived  from  the  use  of  the  hot  blast 
will  be  made  evident  by  the  results  of  two  experiments  which 
were  tried  some  years  since. 

Twenty-eight  tons  of  slag,  smelted  with  cold  blast,  con- 
sumed 392  cubic  feet  of  air  per  minute ;  the  expense  was — 

£   s.   d. 

For  labour 378 

„   coke,  7  tons  at  24s.  6d 8  11     6 

Total     ...     jf  1 1  19    2 
Thirty-five  tons  of  similar  slag  smelted  with  hot  blast, 
consumed  300  cubic  feet  of  air  per  minute ;  the  cost  was — 

£  s.  d. 

For  labour 378 

„  coke,  5  tons  17  cwts.  at  24s.  6d.  .     .    7    3    4 
„  turfforheatingair,  iiloadsat  IS.  8d.     o  18    4 

Total    ...    ;f II    9    4 

*  Dr.  Ure's  Di^ionaiy  of  Arts,  vol.  ii.,  p.  820. 
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From  this  it  is  seen  that  with  one-fourth  kss  air,  one-- 
fourth  more  slag  was  smelted  per  week,  and  a  saving  of 
nearly  los.  was  effefted. 

To  lessen  the  loss  of  lead  by  volatilisation,  and  to  save 
fuel  and  produce  a  slag  sufficiently  poor  to  be  thrown  aside, 
the  slag  hearth  has,  of  later  years,  been  gradually  superseded 
by  the  Castilian  furnace,* 

This  furnace,  although  first  employed  in  Spain,  was  in- 
vented by    an  Englishman,    Mr.   W.  Goundry,   who    was 
employed  in  the  reduftion  of  rich  slags  in  the  neighbour- 
hood of  Carthagena. 
j  The  furnace  is  circular,  usually  about  2  feet  6  inches  in 

!  diameter,  and  is  construdled  of  the  best  fire-bricks,  so  moulded 

I  as  to  fit  together  and  allow  all  the  joints  to  follow  the  radii 

of  the  circle  described  by  the  brickwork.     Its  usual  height  is 

8  feet  6  inches,  and  the  thickness  of  the  masonry  invariably 

9  inches.  The  breast  is  formed  by  a  semicircular  plate  of 
cast  iron,  furnished  with  a  lip  to  allow  the  slag  to  run  off, 
and  has  a  longitudinal  slot,  in  which  is  placed  the  tapping  hole. 

On  the  top  of  the  cylinder  of  brickwork  a  box-shaped 
covering  of  masonry  is  supported  by  cast-iron  frame  work, 
resting  on  four  pillars,  and  in  this  is  placed  the  door  for 
feeding  the  furnace,  and  the  outlet  by  which  the  various  pro- 
l  dudts  of  combustion  escape  to  the  flues.    The  lower  part  of 

this  hood  is  fitted  closely  to  the  body  of  the  furnace,  whilst 
its  top  is  closed  by  an  arch  of  4^^  inch  brickwork  laid  in  fire- 
clay. The  bottom  is  composed  of  a  mixture  of  coke  dust  and 
fire-clay,  slightly  moistened,  and  well  beaten  to  the  height  of 
the  breast-pan,  which  stands  nearly  three  feet  above  the  level 
of  the  floor.  Above  the  breast-pan  is  an  arch,  so  turned  as  to 
form  a  sort  of  niche,  18  inches  in  width,  and  rather  more  than 
2  feet  in  height. 

When  the  bottom  has  been  solidly  beaten  up  to  the 
required  height,  it  is  hollowed  out  so  as  to  form  an  internal 
cavity,  communicating  freely  with  the  breast-pan,  which  is 
filled  with  the  same  material,  and  subsequently  hollowed  out 
to  a  depth  slightly  below  the  level  of  the  internal  cavity. 
I 

:  •  B.  u.  h.  Ztg.,  1859,  P-  388—419  ;  1862,  p.  243.      Dr.  Ure*s  Diaionary  of 

Arts,  ii.,  820. 
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The  blast  is  supplied  by  three  water  tuyeres,  3  inches  in 
diameter  at  the  smaller  end,  5}  inches  at  the  larger,  and  10 
inches  in  length.  Into  these  the  nozzles  are  introduced,  by 
which  a  current  of  air  is  supplied  by  means  of  a  fan  or  ven- 
tilator, making  about  800  revolutions  per  minute.  The  blast 
may  be  conveniently  conduced  to  the  nozzles  though  brick 
channels  built  beneath  the  floor  of  the  smelting  house. 

Ores  treated  in  this  furnace  ought  never  to  contain  more 
than  30  per  cent  of  metal,  and  when  richer,  must  be  reduced 
by  the  addition  of  slags  or  other  fluxes.  In  charging  this 
apparatus  the  coke  and  ore  are  supplied  stratum  over  stratum, 
and  care  must  be  taken  to  dispose  the  coke  so  as  not  to  heat 
the  brickwork  of  the  furnace  too  violently.  In  order  to 
allow  the  slags  produced  to  escape  freely  into  the  breast- 
pan,  a  brick  is  left  out  of  the  front  of  the  furnace  at  the 
height  of  the  fore  hearth,  which  is  kept  covered  by  a  layer  of 
coke  dust  or  cinders,  in  order  to  prevent  the  cooling  of  the 
slag.  From  the  breast-pan  the  slags  constantly  flow  oflf 
through  a  spout  into  cast-iron  waggons,  where  they  consoli- 
date into  masses  having  the  form  of  truncated  pyramids,  their 
larger  base  being  about  2  feet  square.  As  soon  as  a  sufiicient 
amount  of  lead  has  accumulated  in  the  bottom  of  the  furnace, 
it  is  led  off"  into  a  lead  pot  at  the  side,  by  removing  the  slag 
stopper  of  the  tap-hole  situated  in  the  slot  of  the  breast-pan, 
and  after  having  been  properly  skimmed  it  is  ladled  into 
moulds.  Any  copper  contained  in  the  ore  will  be  found  in  the 
form  of  a  matt  floating  on  the  surface  of  the  lead  bath ; 
this,  when  sufiiciently  solidified,  is  removed,  and  after 
roasting  is  worked  up  for  the  copper  it  contains.  The 
waggons  in  which  the  liquid  slag  runs  off  are  frequently 
mounted  on  small  railways. 

In  working  these  furnaces,  care  must  be  taken  to  prevent 
flame  from  appearing  at  the  tunnel  head,  since,  so  long  as 
the  slags  are  sufficiently  liquid,  the  cooler  the  furnace  is  kept 
the  less  will  be  the  loss  of  metal  through  volatilisation.  In 
addition  to  the  greatest  attention  being  paid  to  the  working 
of  the  furnace,  all  establishments  in  which  this  furnace  is 
employed  should  be  provided  with  long  and  capacious  flues, 
in  which  the  condensation  of  the  smoke  may  take  place 
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previous  to  its  arriving  at  the  chimney  shaft.  These  flues 
should  be  at  least  three  feet  wide  and  six  feet  high,  so  as 
to  admit  of  cleaning,  and  are  often  of  several  thousand  yards 
in  length.  The  value  of  the  smoke  so  condensed  amounts  to 
many  hundreds,  and  in  some  instances  thousands,  of  pounds 
yearly. 

In  order  to  be  advantageously  worked  in  these  furnaces, 
the  ores  should  be  first  roasted,  and  subsequently  agglome- 
rated into  masses,  which,  after  being  broken  into  fragments 
of  about  the  size  of  the  fist,  and  mixed  with  the  various 
fluxes,  are  charged  as  before  described. 

In  an  establishment  in  which  the  average  assay  produce 
of  the  roasted  ore  for  lead  is  43,  the  furnace  yield  is  39, 
and  the  weight  of  coke  employed  to  efifedt  the  reduftion,  22 
per  cent  of  the  weight  of  the  roasted  ore  operated  on. 
The  mixture  charged  into  the  furnace,  in  this  instance,  is 
composed  of  100  parts  of  roasted  ore,  42  parts  of  slag  from 
a  previous  operation,  8  parts  of  scrap  iron,  and  7  parts  of 
limestone.  Each  furnace  works  off  about  7  tons  of  roasted 
ore  in  the  course  of  24  hours ;  the  weight  of  slag  run  off  is 
about  double  that  of  the  lead  obtained,  and  the  lead  removed 
from  the  surface  of  the  pan  is  nearly  5  per  cent  of  the  lead 
produced.  The  ores  treated  in  the  establishment  consist  of 
'  galena  much  mixed  with  spathose  ore,  and  are  therefore 
somewhat  refracJlory. 

Figs.  13,  14,  15,  and  16  represent  respeftively  a  vertical 
sedtion,  an  elevation,  a  ground  plan,  and  a  horizontal 
secJlion  of  a  Castilian  furnace.  The  sedtion  (Fig.  16),  is  on 
the  line  xy  (Fig  14.)  A  is  the  body  of  the  furnace,  B  the 
bottom,  composed  of  a  mixture  of  coke  dust  and  fire-clay; 
C  C  C,  the  tuyeres;  D,  the  redlangular  covering  of 
masonry;  E  E  E  E,  cast  iron  pillars;  F,  the  breast-pan;  G, 
the  slot  for  the  tapping  hole;  H,  lip  of  breast-pan;  I, 
feeding  door ;  K,  flue  hole ;  P  Q,  ground  line. 

During  the  years  1848  to  1857,  641,101  tons  of  lead  were 
produced  in  Great  Britain  from  907,486  tons  of  lead  ores, 
making  an  annual  average  of  64110-1  tons  of  lead  out  of 
90748*6  tons  of  ore,  equal  to  70*6  per  cent.  Of  this  quantity, 
69*9  per  cent  were  produced  in  England,  217  per  cent  in 
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Wales,  3'0  per  cent  in  Ireland,  2*5  per  cent  in  Scotland,  and 
2*1  per  cent  in  the  Isle  of  Man. 

Fig.  13.  Fig.  14. 


Fig.  15 
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According  to  "Hunt's  Mineral  Statistics"  for  1864,  there 
were  produced  in  Great  Britain  in  that  year,  from  94,433 
tons,  I  cwt.  of  lead  ore,  67,081  tons,  9  cwts.  of  lead,  and 
641,088  ounces  of  silver. 

Modifications  of  the  Normal  English  Reverberatory 

Process. 

The  English  process,  as  already  described,  must  undergo 
some  modifications  if  the  ores  employed  are  associated  with 
foreign  substances,  the  chemical  rea(5lions  of  which  are  either 
advantageous,  as  in  the  case  of  white  lead  ore ;  or  injurious, 
when  earths  and  sulphides  are  present,  which  tend  to  lower 
the  amount  of  lead  in  the  ore ;  or  if  local  circumstances  render 
it  advisable  to  adhere  to  the  reverberatory  process.  This  is 
the  case  in  the  lead  works  of  Derbyshire , and  Cornwall. 

In  Derbyshire,*  galena  contaminated  with  baryta  is 
worked,  and  in  order  to  avoid  great  loss,  the  ores  are  not 
so  closely  dressed  as  those  of  Flintshire.  These  ores 
also  contain  a  large  amount  of  carbonate  of  lead,  which 
considerably  shortens  the  roasting  process,  and  enables  so 
much  lead  to  be  extracted  in  the  first  period,  and  at  so  low  a 
temperature,  that  the  slags  keep  in  a  pasty  state,  and  do  not 
run  into  the  sump.  The  slags,  which  are  formed  in  con- 
siderable quantity,  are  afterwards  spread  outside  the  sump, 
mixed  with  fluor  spar  and  lime,  and  again  exposed  to  a 
strong  heat.  The  galena  in  this  way  becomes  decomposed 
by  the  lime,  and  the  baryta  is  liquefied  by  the  action  of  the 
fluor  spar.  The  fused  slags  are  run  out  of  the  furnace  by  a  side 
door,  and  if  they  contain  no  more  than  from  5  to  8  per  cent 
of  lead,  are  thrown  aside ;  the  crude  lead  is  tapped  off,  and 
the  oxysulphide  which  covers  the  crude  metal  is  treated,  as  in 
Flintshire,  with  lime,  and,  lastly,  with  coal  slack,  for  the 
extraction  of  its  lead.  The  resulting  residues  are  again 
worked  in  a  slag  hearth.  The  quantity  of  slag  which  has  to  be 
worked  over  again  is  rendered  much  less  by  this  modification 
than  in  Flintshire,  where  it  is  necessary  to  work  all  the  slags 
a  second  time.     If  the  ores  contain  70  per  cent  of  lead,  the 

*  RivoT.  c,  i.,  p.  346.     B.  u.  h.  Ztg,  18O2,  p.  243. 
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quantity  extradted  in  the  first  period  amounts  to  as  much  as 
60  per  cent. 

The  operations  of  this  process  are  as  follows : — 

16  cwts.  of  ore  are  roasted  for  about  two  hours,  till  the 
temperature  rises  to  a  red  heat,  the  reaftions  being  started 
by  stronger  firing  with  closed  doors ;  they  are  roasted  for 
about  one  hour,  and  then  turned  over,  so  that  after  a 
lapse  of  three  and  a  half  hours  from  the  commencement  of 
the  process  the  furnace  has  attained  a  bright  red  heat,  and 
60  per  cent  of  lead  is  produced,  i  cwt.  of  fluor  spar  and 
2J  cwts.  of  lime  are  then  mixed  with  the  spread-out  slags, 
and  the  heat  is  again  raised,  and  the  fused  slags  removed, 
after  the  redudlion  of  lead  has  ceased.  Finally,  the  oxysulphide 
which  covers  the  metal  bath  is  decomposed  by  lime  and  coal 
at  an  increased  temperature,  and  after  six  hours'  work  the 
residues  are  removed. 

In  twenty-four  hours  5*20  tons  of  ore  are  worked,  with 
from  2  to  2' 10  tons  of  coal.  One  ton  of  ore,  containing  0*7 
ton  of  lead,  yields  o'630  ton  of  crude  lead  containing  nearly 
all  the  silver,  0*300  ton  of  valueless  slags  (containing  0*025 
ton  of  lead),  and  0*100  ton  of  residue  containing  from  0*033 
to  0*036  ton  of  lead,  which  is  worked  up  in  the  slag  hearth. 
The  total  yield  of  i  ton  of  ore  amounts  to  about  0*666 
ton  of  lead,  leaving  a  loss  of  0*034  ton.  Supposing  the  dry 
assay  to  give  a  result  which  is  5  per  cent  too  low,  the  real 
loss  in  tl^e  above  process  amounts  to  10  per  cent,  a  result 
which  is  favourable,  and  may  be  attributed  to  the  white 
lead  ore  contained  in  the  galena.  If  the  ores  in  Flint- 
shire contained  the  same  amount  of  white  lead  ore,  they 
would  give  still  more  favourable  results.  The  residues  yield 
in  the  slag  hearth  33  to  34  per  cent  of  somewhat  impure  lead, 
besides  some  lead  fume,  &c. 

At  the  lead  works  at  Par,*  in  Cornwall,  besides  the  Cornish 
galena,  containing  60  to  75  per  cent  of  lead,  there  are  worked 
ores  in  the  form  of  slime,  rich  in  silver,  but  containing 
only  16  per  cent  of  lead,  and  galena  associated  with  copper 
pyrites,  containing  from  20  to  30  per  cent  of  lead.    These 

*  B.  u.  h.  Ztg.,  1862,  p.  244. 
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are  mixed  in  such  proportion  that  the  charge  will  contain 
50  per  cent  of  lead  and  about  30  ounces  of  silver  per  ton. 
Charges  of  2  tons  are  roasted  for  twenty  hours  in  a  separate 
furnace,  with  i  ton  of  coal,  and  at  a  gradually  increasing 
temperature.  During  the  roasting,  lime  is  repeatedly  added, 
and  the  mass  turned  over  every  quarter  or  half  hour.  These 
two-ton  charges  are  then  heated  in  a  reverberatory  fur- 
nace for  3  hours  till  they  become  nearly  liquid,  and  coal 
rubbish  or  saw-dust,  and  afterwards  lime,  are  mixed  up  with  it 
until  the  mass  gets  pasty.  As  soon  as  the  mixture  is  properly 
worked  up  at  a  greater  heat,  fluor  spar  and  metallic  iron 
are  added,  the  whole  melted  into  the  sump,  and  its  contents 
made  to  run  into  an  outside  basin,  from  which  the  slag  will 
flow  out  on  to  the  floor  of  the  melting  houses.  These  slags 
are,  in  all  cases,  thrown  away.  The  resulting  copper-lead 
matt  which  covers  the  surface  of  the  raw  lead  is  then  treated 
in  a  reverberatory  furnace  with  common  salt  and  iron,  the 
result  being  crude  lead  and  a  copper  matt,  containing  8  to  12 
per  cent  of  copper.  The  latter  is  removed  and  sold  to  the 
Welsh  copper  smelters.  The  very  impure  cupriferous  lead 
is  then  stirred  with  wood  rubbish,  and  the  scum  worked 
again.  In  24  hours  three  charges  of  2  tons  each  are  smelted 
with  2  J  tons  of  coal. 

By  longer  roasting  with  lime  the  sulphides  are  in  great  part 
transformed  into  oxides,  which,  at  a  higher  temperature, 
decompose  the  remaining  sulphides,  the  oxide  of  lead  decom- 
posing the  sulphide  of  lead,  and  the  oxide  of  copper  the 
sulphide  of  copper.  The  resulting  metallic  copper  again 
becomes  sulphuretted  by  the  remaining  sulphur,  and  par- 
tially enters  into  combination  with  the  metallic  lead  liberated 
at  the  same  time.  The  oxysulphide  is  decomposed  by  treat- 
ment with  coal,  lime,  and  iron  ;  the  latter  is  added  also  for 
the  purpose  of  forming  a  matt  for  colledling  the  copper, 
consisting  of  sulphides  of  iron,  copper,  and  lead.  In  order 
to  enable  a  separation  to  take  place  in  the  order  of  their 
respeftive  densities,  the  whole  mass  is  rendered  more  fusible 
by  an  addition  of  fluor  spar. 

In  the  interior  of  Spain*  the  Carinthian  process  is  adopted, 

•  B.  u.  h.  Ztg.\  1862,  p.  53. 
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but  the  English  process  is  used  on  the  coasts,  as  cheap  coal 
from  England  and  Asturia  is  to  be  obtained  there. 

The  reverberatory  furnaces  in  use  are  similar  in  construc- 
tion to  those  of  Flintshire  (page  39). 

# 
4  charges  of  about  20  cwts.  each  are  worked  every  24  hours 

with  42  cwts.  of  coal ;  the  average  produ(5l  is  56  cwts.  of 
crude  lead,  equal  to  58  to  62  per  cent.  In  consequence  of 
the  addition  of  lime,  the  resulting  slags  are  poorer  than 
those  from  Spanish  furnaces,  but,  on  the  other  hand,  the 
resulting  lead  is  also  more  impure  than  that  from  Spanish 
furnaces,  on  account  of  the  higher  temperature  used ;  the 
production  is,  however,  greater.  The  slags  contain  from  16 
to  20  per  cent  of  lead,  and  yield  from  12  to  15  per  cent  in 
small  cupola  furnaces. 

The  loss  of  lead  by  volatilisation  (5  or  6  per  cent)  is 
lessened  by  extensive  condensation  flues.  The  deposited 
fume,  after  being  mixed  with  lime  and  pressed  into  the  form 
of  bricks,  and  containing  from  30  to  40  per  cent  of  lead,  is 
also  smelted  in  cupola  furnaces. 

The  residues  are  worked  in  low  cupola  furnaces.  From 
120  to  150  cwts.  of  residues,  mixed  with  from  25  to  30 
cwts.  of  old  slags,  are  smelted  every  24  hours,  with  the 
consumption  of  20  to  24  cwts.  of  coke,  or  35  to  40  cwts.  of 
charcoal;  yielding  from  17  to  20  cwts.  of  somewhat  hard  lead. 
The  yield,  therefore,  amounts  to  from  15  to  18  per  cent,  and 
the  consumption  of  coke  is  i^^  parts  to  i  of  metal.  The  smelt- 
ings  in  succession  in  one  furnace  occupy  about  6  weeks. 

The  total  smelting  expenses  for  ore  and  residues  in 
Spanish  furnaces  amount,  for  every  2  cwts.  of  ore,  to  3s.,  and 
and  for  2  cwts.  of  reduced  metal,  to  13s.  In  English  furnaces 
these  expenses  are  respectively  3s.  6d.  and  13s.  The  residues 
are  sometimes  also  worked  in  air  cupola  furnaces. 

The  increasing  scarcity  of  charcoal  in  the  Hartz  led  to 
determined  attempts  being  made  to  import  the  English 
method  of  smelting  lead  ores,  as  practised  in  Flintshire. 
But,  as  a  slight  admixture  of  quartz  prevents  the  complete 
extraction  of  lead,  and  as  the  ores  of  the  Hartz  often  con- 
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tain  as  much  as  17  per  cent  of  silica  and  alumina,  all  these 
trials  were  unsuccessful. 

C.   THE  FRENCH   REVERBERATORY  PROCESS. 

The  theory  of  this  process  is  as  follows  : — 

Galena,  when  calcined  at  a  long  continued  and  gradually 
raised  temperature,  is  for  the  greater  part  transformed  into 
sulphate  of  lead  and  a  little  oxide  of  lead.  If  the  roasting 
is  interrupted  at  that  period  at  which  some  undecomposed 
galena  is  present  along  with  the  sulphate  of  lead,  and  the 
temperature  then  raised  to  near  the  fusing  point,  the  consti- 
tuents of  the  mass  will  decompose  each  other  in  such  a  way 
that  oxide  of  lead  is  formed,  together  with  sulphurous  acid  and 
a  small  quantity  of  metallic  lead.  The  resulting  oxide  of 
lead  is  then  reduced  by  treatment  with  coal.  The  following 
equations  represent  the  reactions : — 

PbS  +  3  PbOSOa  =  4PbO  +  480,. 
4PbO  +  4C=4Pb+4CO. 

The  remaining  sulphate  of  lead  is  also  decomposed  by  the 
coal.  According  to  Gay  Lussact  an  excess  of  coal  trans- 
forms it  into  sulphide  of  lead  with  evolution  of  carbonic 
acid.  If  equal  equivalents  of  carbon  and  sulphate  of  lead 
adt  upon  each  other  at  a  low  red  heat,  carbonic  acid  is 
evolved,  and  only  half  the  sulphate  of  lead  is  transformed' 
into  sulphide. 

2PbOS03  +  2C  =  PbOSOa  +  P^S  +  200^. 

At  a  higher  temperature  the  sulphate  of  lead  reafts  upon 
sulphide  of  lead,  forming  metallic  lead  and  sulphuric  acid. 
If  for  2  equivalents  of  sulphate  of  lead  only  i  equivalent  of 
coal  is  used  at  a  lower  temperature,  J  an  equivalent  of  sul- 
phide of  lead  is  formed  in  the  first  instance,  thus — 
4PbOS03  +  2C  =  sPbOSOa  +  PbS  +  2C0a, 
which  at  an  increased  temperature  becomes  changed  by  the 
i^  equivalents  of  sulphate  of  lead  into  sulphurous  acid  and 
oxide  of  lead,  thus — 

3PbOS03  +  PbS  =  4PbO + 4SO, 

*   Erdm.  J.,  f.  p.  Ch.,  xi.,  68. 
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These  chemical  facJls  are  the  foundation  of  the  French 
reduftion  process  in  reverberatoiy  furnaces. 

More  impure  and  siliceous  lead  ores  may  be  worked  by 
this  method  than  by  the  English  process,  as  the  tempera- 
ture may  be  kept  so  low  as  not  to  cause  scorification. 
With  regard  to  the  yield  of  metal,  the  process  is  more 
unfavourable  when  the  quartz  is  above  5  per  cent,  on  ac- 
count of  a  scorification  which  then  takes  place  at  the  lower 
temperature  employed.  A  certain  amount  of  pyrites,  on 
the  one  hand,  augments  the  residue,  but,  on  the  other  hand, 
it  assists  the  formation  of  sulphate  of  lead;  zinc  blende  has 
a  favourable  influence,  as  the  oxide  of  zinc  formed  during 
the  roasting  enters  into  combination  with  the  silica.  Blende 
also  adls  mechanically  by  stiffening  the  mass  and  facilitating 
the  roasting.  The  produftion  in  French  furnaces  16  smaller 
than  in  English  furnaces,  and  the  dimensions  are  less.  The 
form  is  also  somewhat  modified,  and  the  hearth  furnished 
with  a  sump. 

At  PouUaouen*  a  mixture  is  worked  consisting  of  galena 
poor  in  silver,  raised  in  that  neighbourhood,  +  and  ores  from 
Huelgoet  I  rich  in  silver,  containing  on  the  average  54  per 
cent  of  lead  and  2J  ounces  of  silver  in  a  cwt.  These  are 
also  accompanied  by  pyrites,  argentiferous  zinc  blende,  !|  and 
quartz. 

The  reverberatory  furnaces  represented  by  Figs.  17  and  18 
are  either  heated  with  coal  or  with  wood  ;  in  the  former  case 
the  grate  is  raised  higher,  and  the  fire-bridge  is  made  smaller. 
The  furnace  is  first  furnished  with  a  clay  hearth,  and  after 
this  has  been  gradually  dried  for  about  2  months,  and  care- 
fully warmed,  a  charge  of  10  cwts.  is  given  for  the  pur- 
pose of  saturating  the  hearth  with  sulphide  of  lead.     After 

*  Beaumier  et  Gallois,  Journ.  des  Mines,  xvi.,  193 ;  Karst.  Arch.,  i.  R., 
vi.,  161.  Journal  des  Mines,  xiii.,  272  ;  xx.,  419.  Ann.  d.  Min.,  i  s^r.,  iii.,  549 ; 
vii.,  21 ;  3  s^r.,  xviii.,  161 ;  4  s^r.,  iv.,  331.  Erd.,  J.,  f.  ok.  u.  techn.  Ch.,  xiii.,  197. 
Kerl,  B.  u.  h.  Ztg.,  1854,  p.  178.  KuTCHBR,  ibid,  1859,  p.  341.  Rivot,  c.  1., 
611,  620,  630. 

f  Berthier,  AnaJyt.  met.  Ch.,  ii.,  629.  Cotta,  Erzlagerstatten,  ii.,  429, 
685,  687. 

X  Damour,  in  Ann.  d.  Min.,  3  s^r.,  xvii.,  19.  Cotta,  Erzlagerstatten,  ii., 
429. 

II  B.  u.  h.  Ztg.,  1862,  p.  9. 
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24  hours  that  which  has  not  been  soaked  into  the  hearth  is 
removed,  and  higher  charges  are  added,  which  yield  more  and 
more  lead,  until  with  the  9th  charge  the  furnace  has  obtained 
the  full  quantity,  amounting  to  26  cwt.  With  the  13th  to  the 
15th  charge  the  yield  of  crude  lead  begins  to  be  regular, 
and  the  furnace  is  now  in  the  proper  state  for  produdlion. 
Each  charging  takes  about  half  an  hour,  two-thirds  of 
the  ore  being  put  before  the  fire-bridge  and  one-third  at  the 
back.  In  about  i  J  hours  a  crust  of  sulphate  of  lead,  i  J  to  2 
inches  in  thickness,  is  formed,  indicating  the  beginning  of 
the  first  period  of  the  roasting.  On  lowering  the  temperature 
to  dull  redness,  the  second  period,  which  is  the  real  roasting, 
begins ;  when  this  takes  place  the  crust  is  broken  up  and 
mixed  with  the  mass  beneath,  which  is  now  continually 
turned  over. 

After  a  crust  has  again  been  formed  and  mixed  up  with 
the  mass,  to  facilitate  the  formation  of  sulphate  of  lead, 
the  charge  commences  to  cake  together,  and  drops  of  lead 
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appear,  formed,  as  in  the  Carinthian  process,  by  the  re- 
adlion  of  the  .sulphide  of  lead  upon  the  sulphate.  This 
completes  the  second  or  roasting  period,  which  occupies 
about  4  hours.  The  third  period,  the  produdlion  of  crude 
lead,  is  now  commenced  by  throwing  in  pieces  of  wood,  re- 
ducing the  oxide  to  metallic  lead,  which  flows  into  the  sump. 
If  necessary,  the  roasting  mass  may  be  previously  rendered 
more  pasty  by  mixing  it  up  with  coal  slack.  The  contents 
of  the  furnace  are  now  thoroughly  worked  up  with  wood  by 
the  different  working  doors,  till  after  a  lapse  of  from  4  to  5 
hours  the  sump  is  filled  up  with  lead.  The  latter  is  then 
tapped  off,  and  before  running  it  into  moulds  is  purified  by 
stirring  it  up  with  pieces  of  wood.  The  temperature  is  now 
raised  again,  and  the  mass  is  stirred  up  and  mixed  with  wood, 
until  after  a  lapse  of  i^  hours  the  crude  lead  is  tapped  a 
second  time.  The  operation  is  then  repeated  a  third  time. 
Lastly,  the  ore  which  had  been  put  at  the  back  is  drawn  to 
the  front  of  the  fire-bridge ;  the  temperature  is  then  raised, 
and  the  last  yield  of  lead  results.  In  16  hours  from  the 
beginning  of  the  operation,  those  residues  which  are  not  re- 
quired for  the  repair  of  the  hearth  are  removed ;  they  contain 
from  20  to  30  per  cent  of  lead  and  ith  oz.  of  silver,  and  are 
smelted  in  a  small  cupola  furnace  5  feet  in  height,  or  in  a 
reverberatory  furnace,  together  with  other  lead  produfts,  10 
per  cent  of  iron,  and  argentiferous  iron  ore  and  quartz  from 
Huelgoet,  producing  crude  lead  with  about  8  ounces  of  silver. 
84  cwts.  of  such  mixture  are  worked  in  a  reverberatory  fur- 
nace in  24  hours.  The  cupola  furnace  produces  less  lead,  but 
gives  poorer  slags,  and  occasions  less  loss  by  volatilisation. 

The  lead  fume  containing  from  38  to  40  per  cent  of  lead 
and  J  oz.  of  silver,  is  treated  in  reverberatory  furnaces  of  the 
ordinary  construction  ;  the  4  hours'  roasting  period  is,  how- 
ever, not  required.  16  cwts.  of  fume  are  worked  in  12  hours. 
From  15,000  cwts.  of  ore,  which  are  usually  treated  in  a 
reverberatory  furnace,  there  are  obtained  on  an  average  225 
cwts.,  or  I  to  2  per  cent  of  fume. 

The  hearth  of  the  reverberatory  furnace  is  removed  every 
1}  years,  and  added  in  mixture  to  the  ore  smelting  in  cupola 
furnaces. 
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The  total  loss  of  lead  varies  according  to  the  weather 
{which  has  an  influence  on  the  process),  the  quality  of  the 
fuel,  &c.,  between  3*8  and  6'6  per  cent.  By  reducing  the 
fuel  to  the  weight  of  charcoal,  and  supposing  a  yield  of  20  per 
cent  of  coal  from  wood,  i  part  in  weight  of  coal  is  used  for 
every  2  to  3*5  parts  of  ore.  The  consumption  of  iron  varies 
between  2*4  and  3  per  cent.  According  to  Rivot,  i  ton  of  ore 
yields  0*470  ton  of  crude  lead,  containing  9  ozs.  of  silver ;  and 
0*324  ton  of  residues,  containing  0*123  ton  of  lead  and 
1*75  ounces  of  silver.  The  yield  in  reverberatory  furnaces  is 
71  per  cent  of  the  lead  contained  in  the  ore ;  about  20  per 
cent  remains  in  the  residues,  whilst  nearly  all  the  silver  will 
be  found  in  the  crude  lead. 


The  expense  on  i  ton  of  ore  amounts  to — 


^\^acres 

Wood  (o-'soSo  ton) 
Coal  (0*1850  „  ) 
Tools  (0*0115  „  ) 
Sundries       .     .     . 


£ 

O 

o 
o 
o 
o 


d. 

2*6 

57 
1-5 

8*7 

2*2 


^o  14    8*7 

The  loss  of  lead  per  ton  of  ore  amounts  to  0*067  ton,  valued 
at  £1  6s.  6d. ;  the  loss  of  silver,  to  0*0123  ^^'f  valued  at  is.; 
together  £1  7s.  6d. 

The  process  at  Poullaouen  requires  more  fuel  than  the 
English  process,  on  account  of  the  employment  of  wood  and 
the  length  of  the  roasting  period.  It  also  produces  less  lead 
in  a  metallic  state,  and  the  loss  of  metal  is  greater. 

The  composition  of  lead  slag  from  Poullaouen  resulting 
from  galena  containing  blende  is — 


Silica     .     •     . 
Oxide  of  lead  . 
Sulphide  of  lead 
Sulphate  of  lead 
Peroxide  of  iron 
Oxide  of  zinc  . 


24*0 
26*5 

5'o 

3-0 

14*0 

27*0 

99'5 
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At  Pesey,*  in  Savoy,  the  French  process  is  employed,  but 
the  hearth  is  of  larger  dimensions,  and  furnished  with  a 
partition  wall  having  a  communication  between  the  two 
partitions.  The  reduction  takes  place  in  the  nearer  part, 
situated  close  to  the  fire-bridge,  and  the  roasting  goes  on  in 
the  back  part ;  by  this  arrangement  a  larger  produdlion  is 
gained,  and  there  is  less  loss  of  lead,  and  a  smaller  consump- 
tion of  fuel. 

Efforts  have  been  made  to  introduce  this  process  at  the 
Clausthal  lead  works,  t  but  without  success,  on  account  of  the 
large  amount  of  silica  contained  in  the  ores  of  the  Hartz. 

At  Corfali,  in  Belgium,. charges  of  26  cwts.  of  calcareous 
galena,  containing  pyrites  and  blende,  are  worked  in  16 hours; 
6  hours  for  roasting,  and  the  remaining  10  hours  for  the  reduc- 
tion of  the  oxide  of  lead  by  stirring  it  up  with  wood.  14^  cubic 
feet  of  coal  and  51^  cubic  feet  of  wood  are  used  in  this  process ; 
the  yield  of  lead  is  from  50  to  60  per  cent.  The  residues  of 
this  process  are  worked  in  a  reverberatory  furnace  with  an 
inclined  hearth,  and  with  the  addition  of  cast  iron.  To  assist 
the  formation  of  slag  i  cwt.  of  limestone  is  spread  out  upon 
the  sole  of  the  furnace,  and  5  cwts.  of  residues,  5  cwts.  of  poor 
earthy  ores,  and  1^  cwts.  of  iron  are  placed  on  it.  After  5 
hours  the  resulting  lead  is  tapped  off,  and  the  furnace  charged 
again.  The  consumption  of  coal  for  one  charge  amounts  to 
S^  cubic  feet. 

In  31  days,  760  cwts.  of  lead  (=  67*62  per  cent),  and  170 
cwts.  of  residues  containing  51  cwts.  of  lead,  were  produced 
from  1,112  cwts.  of  lead  ore,  giving  a  total  yield  of  72  per 
cent.  617  cubic  feet  of  coal  and  3,410  cubic  feet  of  wood  were 
required  for  this  result. 

In  Vienne  furnaces  540  cwts.  of  residues  and  320  cwts.  of 
poor  ore  (galena)  were  smelted  in  20  days,  consuming  900 
cubic  feet  of  coal,  106  cwts.  of  scrap  iron,  and  35  cwts.  of 
wrought  iron,  and  producing  238  cwts.  (  =  28-65  per  cent)  of 

*  Dumas,  ang^w,  Ch.,  iv.,  240.  Lelivec,  Journ.  d.  Min.,  xx,  419.  Berthier, 
Ann.  d.Min.,  i  s6r.,  iii.,  549.  Replat,  Ann.  des  Min.,  3  s^r.,  xviii.,  161 ;  4  s^r., 
iv.,  331.  Berthibr,  Met.  analyt.  Chem.,  ii.,  629, 647.  Cotta,  Erzlagerstatten» 
ii.,  331- 

t  Kerl,  Oberharzer  Schmelzprocesse,  i860,  p.  581.  Kbrl,  B.  u.  h. 
Ztg.,  1854,  p.  217,  No.  25. 


Digitized  by  VjOOQ IC 


6o 


LEAD. 


I 

I 
t 

I 


lead.    It  is  more  advantageous  to  smelt  the  residue,  together 
with  ores  and  iron  refinery  cinders,  in  cupola  furnaces,  3*66 
metres  high  above  the  tuyere. 
A  mixture  consisting  of — 
20  cwts.  Residues  of^thereverberatoiyK^^^^j^j^g 

TTrt-'i.    1     J       .     .     .    •    .  cent  of  lead. 

40      „      White  lead  ore      .     .     .     .     j 

24      „      Iron  refinery  cinders 

24     „      Furnace  ends  containing  20  per  cent  of  lead 

108  cwts. 

was  smelted  with  8^^  to  9  per  cent  of  coke.    The  loss  of  lead 

amounted  to  2^  per  cent,  ^  per  cent  of  which  was  contained 

in  the  slags,  and  2  per  cent  was  collected  in  the  condensing 

chambers. 

The  ores  used  in  the  lead  works  at  Bleiberg  and  Binsfeld- 
hammer,  in  the  neighbourhood  of  Stolberg,  near  Aix-la- 
Chapelle,  are  either  free  from  copper,  or  contain  only  traces 
of  it ;  but  they  have  more  or  less  antimony,  which  makes  it 
necessary  to  refine  the  raw  lead  previous  to  its  treatment  by 
Pattinson's  process. 

The  galena  occurring  at  the  lead  works  at  Bleiberg*  con- 
sists chiefly  of  very  pure  ore  with  small  quantities  of  associated 
minerals,  namely,  quartz  (from  :J  to  i  per  cent),  blende,  pyrites, 
and,  in  rare  cases,  limestone.  It  contains  82  per  cent  of  lead, 
f  per  cent  of  antimony,  and  4J  ounces  of  silver  to  the  ton. 

Reverberatory  furnaces  with  a  fire-place  on  each  side  are 
used  for  smelting  the  ore.    They  are  represented  by  Figs.  19, 20, 
Fig.  19.  Fig.  20. 
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•  Von  Cotta's  Erzlagerstatten,  ii,  137. 
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21,  and  22.  a  is  the  grate ;  6,  the  fire  bridge ;  c,  hearth ;  i,  lead 
sump ;  e,  working  doors ;  /,  outside  basin  for  receiving  the 
metal ;  g,  opening  for  charging  the  fuel ;  fw,  flues ;  w,  chimney. 
The  hearth  slopes  from  the  fire-bridge  towards  the  middle, 
where  it  forms  a  sump,  which  likewise  slopes  from  one  broad 
side  of  the  furnace  to  the  other,  and  communicates  with  the 
outside  basin.  The  two  working  doors  at  the  extremities  of 
each  long  side  of  the  furnace  are  used  for  manipulating  on 
the  hearth,  which  is  formed  either  of  slags  got  from  smelting 
the  residues  of  the  reverberatory  process,  or  of  other  slags, 
from  I J  to  2  feet  thick,  smelted  upon  a  sole  of  bricks ;  an 
addition  of  lime  is  made  to  stiffen  the  mass  and  render  it 
more  refracSlory. 

As  soon  as  the  furnace  is  properly  cooled,  the  workmen 
charge  it  with  two  tons  of  ore,  which  occupies  about  30 
minutes  ;  the  ore  is  then  heated  from  J  of  an  hour  to  i  hour 
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until  red  hot,  whilst  the  working  doors  are  closed ;  it  is  then 
turned  over  with  iron  rabbles  every  half-hour,  for  7  or  8 
minutes,  both  workmen  commencing  at  opposite  working 
doors,  and  working  on  to  the  middle  of  the  furnace.  In 
about  5  hours  from  the  commencement,  the  roasting  mass 
having  become  fat  under  the  influence  of  the  gradually 
increased  temperature,  begins  to  smoke,  and  easily  fusible 
alloys  of  antimony  and  lead  flow  out  in  small  quantity  from 
the  sump  into  the  outside  basin,  before  the  real  reacSlion  of 
the  sulphate  of  lead  upon  the  sulphide  commences.  As  soon 
as  a  sufiicient  quantity  of  that  alloy  is  produced,  glowing  coal 
and  coal  slack  are  thrown  into  the  basin  and  stirred  in  it, 
causing  a  separation  of  slag  from  the  lead  alloy,  which  is 
removed  and  put  back  into  the  furnaces. 

When  the  roasting  mass  upon  the  hearth  begins  to 
become  pasty,  some  shovels-full  of  coal  slack  are  mixed  up 
with  it  in  order  to  give  it  a  stiffer  consistence.  About  8 
hours  after  charging,  a  copious  extradlion  of  lead  begins  at 
the  higher  temperature,  but  less  slag  is  separated  in  the  out- 
side basin ;  this  slag  is  crumbly — from  other  reasons  than 
the  first  formed  slag — and  becomes  stiff*  very  quickly :  whilst 
cooling,  drops  of  lead  are  still  running  out  of  it. 

After  about  loj  or  11  hours  the  whole  process  is  finished, 
and  from  an  hour  to  an  hour  and  a  half's  time  is  allowed  for 
cooling  the  furnace.  From  the  ore  containing  82  per  cent 
of  lead,  about  60  per  cent  of  lead  is  produced,  and  this  lead 
contains  at  first  8  ounces,  and  later  5  ounces  of  silver  in  the 
ton.  The  residues  often  contain  as  much  as  70  per  cent  of 
lead,  besides  a  considerable  quantity  of  antimony.  The  con- 
sumption of  coal  in  24  hours  amounts  to  53  cubic  feet,  and 
the  loss  of  lead  is  about  5  or  6  per  cent ;  this,  however,  is 
notably  lessened  by  working  up  the  contents  of  the  very 
extensive  condensation  chambers. 

Smelting  the  Residues. — The  raw  lead  is  refined  by 
Pattinson's  process.  The  residues  are  worked  in  cupola 
furnaces  about  5^  metres  high,  having  a  sump  inside  the 
furnace  for  colledling  the  metal ;  they  are  mixed  with  60 
per  cent  of  iron  refinery  cinders,  18  per  cent  of  lime  and 
broken  bricks,  and  6  per  cent  of  impure  slags,  and  are  smelted 
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with  14  per  cent  of  coke.  In  24  hours  about  180  cwts.  of 
residues  are  worked,  and  at  the  bottom  of  the  furnaces  little 
or  no  deposits  of  iron  are  obtained  during  the  working  of  the 
furnace,  which  continues  from  5  to  7  weeks.  The  very  hard 
lead  which  results  is  refined  according  to  Pattinson's  process ; 
it  contains  from  2  to  2^  ounces  of  silver  in  the  ton.  The 
small  quantity  of  resulting  matt,  with  from  5  to  10  per  cent 
of  lead,  is,  after  crushing,  roasted  in  reverberatory  furnaces, 
and  added  to  the  smeltings  in  cupola  furnaces.  The  resulting 
basic  slag,  which  runs  into  iron  pots,  contains  but  0*3  to  0*5, 
or  at  the  most  i  per  cent  of  lead,  and  is  thrown  aside. 

At  the  lead  works  at  Bindfeldhammer,  calcareous  galena, 
containing  70  per  cent  of  lead  and  about  19  ozs.  of  silver  in  the 
ton,  are  worked  in  reverberatory  furnaces ;  poorer  and  less 
pure  ores  associated  with  blende,  pyrites,  calcareous  spar, 
quartz,  copper  pyrites,  sparry  iron  ore,  &c.,  are  roasted  and 
worked  together  in  cupola  furnaces  with  the  residues  of  the 
reverberatory  process.  The  reverberatory  process  is  similar  to 
that  used  at  Bleiberg ;  smaller  furnaces  are  used,  having  only 
one  fire-place  and  a  capacity  for  only  one  ton  of  mixture ;  but 
they  consume  in  24  hours  53  cubic  feet  of  coal.  A  charge  is 
completed  every  9  hours.  The  furnace  is  charged  whilst  the 
temperature  is  still  very  high  from  the  last  operation ;  the 
temperature  is  kept  up  till  the  ore,  which  is  frequently  turned 
over,  has  become  thoroughly  glowing,  when  it  is  lowered. 
The  roasting  occupies  about  5^  hours.  The  slags  which  at 
the  former  charge  had  run  out  of  the  furnace  together  with 
the  lead,  and  which  contain  some  small  coke  and  coal,  are 
now  mixed  up  with  the  roasting  mass,  and  the  temperature 
is  raised  so  as  to  allow  the  greater  part  of  the  lead  to  be 
extracSled  and  to  flow  into  the  sump.  During  this  period 
the  roasting  mass  is  turned  over  about  once  every  |  of  an 
hour.  After  8  hours  it  is  turned  for  the  last  time,  the 
residues  are  removed  from  the  furnace,  the  contents  of  the 
sump  are  stirred  up  with  slacked  lime  and  coal  slack,  and 
run  into  the  outer  sump.  The  slags,  after  being  stirred  with 
glowing  coal  and  coal  slack,  are  removed  from  the  lead  and 
added  to  the  next  charge. 

From  the  70  per  cent  of  lead  contained  in  the  ore,  about 
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40  are  obtained.  The  crude  lead,  whibh  contains  from  20  to 
30  ounces  of  silver  in  the  ton,  is  refined  by  Pattinson's 
process ;  the  scum  resulting  from  the  refining  is  added  to  the 
ore  mixture,  or  it  is  worked  together  with  residues  with  a 
view  to  the  produftion  of  hard  lead.  The  residues  of  the 
reverberatory  process,  containing  from  30  to  40  per  cent  of 
lead,  are  mixed  with  roasted  ores  of  the  second  quality,  and 
100  parts  are  smelted  with  60  per  cent  of  iron  refinery  cinders, 
15  per  cent  of  lime,  and  20  per  cent  of  coke,  as  at  Bleiberg. 
In  smelting  the  residues  the  oxide  of  antimony  bears  an 
essential  part,  forming  with  oxide  of  lead  a  combination 
only  to  be  decomposed  by  coal  at  a  very  high  temperature. 
This  behaviour  is  advantageous,  as  it  causes  the  produftion 
of  a  reverberatory  lead  poor  in  antimony,  and  a  residue  lead 
rich  in  antimony.  In  the  same  way  the  separation  of  the 
silver  in  the  two  sorts  of  lead  is  favourable. 

The  siliceous  and  impure  ores  are  roasted  in  double  rever- 
beratory furnaces.  The  two  hearths  of  the  furnace  have 
each  2  divisions,  and  a  charge  of  2  tons  are  roasted  on  each 
of  these  divisions  for  8  hours,  so  that  each  charge  remains  in 
the  furnace  for  32  hours.  Thus  the  furnace  roasts  in  24 
hours  6  tons  of  ore  with  a  consumption  of  17  cubic  feet  of 
coal. 

The  processes  adopted  in  these  two  lead  works,  are  based 
on  a  combination  of  the  Carinthian  and  French  processes, 
but  principally  the  Carinthian. 

In  several  lead  works  situated  near  the  mouths  of  the 
Rhone  in  France,*  the  process  of  Poullaouen  is  in  use, 
chiefly  for  the  ores  from  Sardinia  and  Spain,  which  contain 
from  60  to  80  per  cent  of  lead,  and  are  associated  with  cal- 
careous and  barjrtic  gangue,  and  contain  very  little  blende 
and  silica. 

At  BottinOjt  in  Tuscany,  rich  ores  containing  at  least  55 
per  cent  of  lead  are  worked  in  double  furnaces. 

*  SiMONiN,  Bull,  de  la  Soci^t6  de  Tlndustrie  Min^rale,  ii.,412,413,  429,  430. 
(With  drawings). 

f  Caillaux,  Bull,  de  la  Soci^t^,  &c.,  ii.,  697. 
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B.   THE   FRENCH   PRECIPITATION   OR  VIENNE   PROCESS. 

In  this  process  the  galena  is  decomposed  in  reverberatory 
furnaces  by  means  of  metallic  iron.  It  is  carried  on  at 
Vienne  in  the  department  Poitou,  and  is  adapted  for  galena, 
poor  in  silver  and  rich  in  lead,  containing  so  much  silica 
(upwards  of  5  per  cent),  alumina,  and  other  silicates,  that  it 
is  impossible  to  work  it  advantageously  in  the  ordinary  way 
in  reverberatory  furnaces. 

Ores  containing  less  lead  and  more  silver  are  more  econo- 
mically worked  in  cupola  furnaces  when  associated  with  the 
above-named  gangue. 

The  Vienne  process  is  very  simple,  but  usually  so  expensive 
that  it  is  very  seldom  employed.  The  process  takes  place 
in  a  reverberatory  furnace,  made  smaller  than  usual  in  order 
to  produce  a  higher  temperature  ;  the  ore  is  mixed  with 
metallic  iron,  and  quickly  heated  before  the  fire-bridge,  till 
the  mass  begins  to  frit.  This  temperature  is  kept  up  for 
several  hours,  the  pasty  mass  being  worked  all  the  while  ; 
when  all  the  iron  has  disappeared,  the  temperature  is  raised 
until  the  mass  is  completely  fused,  and  flows  into  the  sump, 
where  it  separates  according  to  the  specific  gravities.  The 
resulting  produdls  are  tapped  into  an  outside  basin,  colledling 
the  lead  in  it,  whilst  the  matt  and  slags  flow  over  the  edg6  of 
the  basin  on  to  the  sole  of  the  smelting-house.  After  re- 
moving the  remaining  matt  from  its  surface,  the  lead  is  puri- 
fied, chiefly  from  mechanically  included  iron,  by  stirring  it 
with  brush-wood,  and  is  poured  into  moulds.  If  necessary 
for  its  purification,  it  is  slowly  re-melted.  Matt  and  slags, 
not  containing  silver,  are  thrown  away. 

When  galena  is  heated  with  iron  it  becomes  decomposed, 
forming  metallic  lead  and  sulphide  of  iron  ;  the  latter 
forms  a  combination  with  a  part  of  undecomposed  galena, 
producing  matt.  In  order  to  avoid  much  loss  of  lead  by 
volatilisation,  and  a  waste  of  iron  tools,  too  high  a  tem- 
perature should  be  avoided,  and  the  readtion  of  the  iron 
assisted  by  a  frequent  working  of  the  pasty  mass.  As 
this  is  done  in  the  presence  of  air,  oxide  and  sulphate  of 
lead  are  formed,  which   extradl  metallic   lead  by  readying 
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upon  the  sulphide  of  lead;  they  are  also  partly  decomposed  by 
the  diredl  reacSlion  of  iron  and  sulphide  of  iron.  A  complete 
decomposition  of  the  matt  is  not  possible,  as  its  fluidity 
hinders  its  contadl  with  the  iron.  The  liquid  slag,  rich  in 
oxidised  iron  and  lead,  becomes  gradually  more  or  less  freed 
from  lead  by  the  reaction  of  the  iron  tools,  and  by  that  of 
the  sulphides. 

The  process  is  carried  on  as  quickly  as  possible,  and  con- 
cluded as  soon  as  the  iron  in  the  mixture  has  disappeared, 
on  account  of  the  great  loss  of  lead  and  waste  of  tools  occa- 
sioned by  working  at  a  comparatively  high  temperature.  In 
order  that  the  lead  obtained  should  not  contain  too  much 
iron,  the  addition  of  iron  to  ores  rich  in  lead  must  not  exceed 
35  per  cent.  The  loss  of  lead  by  volatilisation  amounts  to 
about  4  per  cent  of  the  metal  contained  in  the  ore. 

Though  the  loss  of  lead  by  volatilisation  is  greater  in  cupola 
furnaces  than  in  reverberatory  furnaces,  still  the  former  are 
usually  preferable  for  ores  of  this  kind.  The  Vienne  process 
requires  much  fuel,  more  labour,  and  many  expensive  tools ; 
and  yields,  when  working  ores  containing  much  silver,  matt 
and  slags  so  argentiferous  that  they  have  to  be  worked  again 
in  cupola  furnaces.  In  this  case  all  the  advantages  of  the 
method,  its  simplicity  of  construcSlion  and  working,  the  ab- 
sence of  a  blast  machine,  condensation  apparatus,  &c.,  which 
it  possesses  in  preference  to  the  cupola  furnace  process,  are 
lost.  Only  occasionally,  when  a  small  produdtion  is  required, 
and  siliceous  ores  rich  in  lead  and  poor  in  silver  have  to  be 
worked,  and  when  iron  is  cheap,  the  Vienne  mode  may  be 
adopted.* 

According  to  Phillipst  a  saving  of  iron  may  be  efifefted  if 
the  galena  is  transformed  as  completely  as  possible  into 
oxide  and  sulphate  of  lead,  by  longer  roasting  at  a  lower 
temperature ;  then  the  roasting  mass,  mixed  with  J  percent  of 
coal  slack,  and  12  per  cent  of  quartz  sand,  is  quickly  heated 
to  a  cherry-red  heat;  by  this  operation  oxide  of  lead  is  reduced; 
but  the  chief  aim  is  the  expulsion  of  sulphuric  acid,  partly  as 

•  Karsten*s  Archiv.,  i  R.  vi.,  97. 

f  RivoT,  M^tallurgie  du  Plomb  et  de  PArgent,  i860,  p.  65. 


Digitized  by  VjOOQ IC 


ILLUSTRATIONS  OF  THE   PRECIPITATION   PROCESS. 


67 


sulphurous  acid,  by  the  reacSlion  of  carbon,  and  partly  in 
form  of  vapour  by  the  silica,  the  latter  forming  a  silicate  of 
lead.  If  the  tumefadlion  of  the  mass  ceases,  about  10  per 
cent  of  metallic  iron  is  mixed  up  with  it,  when  silicate  of  iron 
will  be  formed,  and  the  metallic  lead  separated.  If  the  ores 
contained  silver,  the  slags  resulting  from  this  process  will  be 
poorer  in  silver  than  those  yielded  by  the  Vienne  process,  as 
they  mostly  contain  oxidised  substances  ;  on  the  other  hand, 
the  yield  of  lead  is  less  (62  to  65  per  cent  from  ores  contain- 
ing 75  to  76  per  cent  of  lead),  and  the  process  requires  more 
time,  fuel,  and  labour.  These  disadvantages  may  be  balanced, 
when  the  price  of  iron  is  high,  by  the  smaller  consumption  of 
iron,  and  if  the  ores  are  rich  in  silver,  by  the  more  complete 
extraction  of  it ;  but  still  the  results  will  always  be  inferior 
to  those  obtained  in  cupola  furnaces.  Very  pure  iron  ore 
mixed  with  coal  may  be  substituted  for  metallic  iron,  but 
ores  of  the  required  purity  are  seldom  to  be  had. 

Illustrations  of  the  French  Precipitation  Process. 

At  Vienne*  from  8  to  20  cwts.  of  lead  ores  are  worked  in 
from  3  to  6  hours,  mixed  with  from  i  J  to  5  cwts.  of  iron  and 
iron  cinders.  Ores  containing  pyrites  are  previously  roasted 
and  smelted  together  with  iron  and  coal  slack. 

In  the  lead  workst  on  the  Rhone,  ores  containing  from  45 
to  50  per  cent  of  lead,  and  5  to  6  per  cent  of  quartz,  are 
worked. 

At  St.  Louis,  4  tpns  of  ore  with  20  per  cent  of  old  iron  are 
Fig.  23.  Fig.  24. 


•  Journal  des  Mines,  xxi.,  No.  125,  p.  381.     Wehrle's,  Huttenkunde,  ii., 
911,  p.  253.    Karsten's  Met.,  v.,  122.    Dumas,  Angewandte  Chemie,  iv.,  277. 

t  SiMONiN,  in  Bulletin  de  la  Soci^t^  de  I'lndustrie  Min^rale  k  St.  Etienne, 
ii.,  429. 
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worked  in  24  hours,  ^  ton  of  artificial  fuel  being  used  for 
every  ton  of  ore ;  at  Escallette,  charges  of  from  24  to  26  cwts. 
with  36  or  40  per  cent  of  cast  iron  or  old  iron,  and  some- 
times lime  and  coal,  are  worked  in  8  hours.  The  ferruginous 
slags,  containing  4  or  5  per  cent  of  lead,  are  used  for  desul- 
phurising when  smelting  in  cupola  furnaces.  The  furnace 
used  at  the  latter  works  is  shown  by  Figs.  23  and  24.  a  is 
the  hearth  ;  6,  the  grate ;  c,  working  door ;  d,  outside  basin 
for  receiving  the  metal. 

Extraction  op  Lead  in  Hearth  Furnaces. 

Pure  lead  ores  suitable  for  the  reverberatory  process  are 
sometimes  smelted  in  hearth  furnaces.  A  decision  between 
the  two  modes  is  chiefly  influenced  by  the  price  and  quality  of 
the  fuel  to  be  used  ;  on  this  account  the  hearth  furnace  pro- 
cess is  only  used  in  localities  where  good  coal  is  either  wanting 
or  very  expensive,  and  where  other  kinds  of  fuel,  such  as  turf, 
wood,  coke,  &c.,  are  easily  attainable.  Hearth  furnaces  con- 
sume less  fuel  than  reverberatory  furnaces,  allow  a  quicker 
operation, — that  is  to  say,  a  greater  produftion  at  less  wages, 
— and  an  interruption  of  the  process  at  any  stage  without 
great  loss  of  temperature.  This  last  fa(5l  chiefly  recommends 
the  hearth  furnace  process  for  smaller  smelting  works.  The 
lead  resulting  from  impure  ores  is  purer  than  that  produced  in 
reverberatory  furnaces.  On  the  other  hand,  a  blast  machine 
and  extensive  condensation  apparatus  are  required,  as,  for 
example,  at  Alston  Moor. 

Very  pure  galena  may  be  worked  in  hearth  furnaces  when 
in  a  raw  state  (American  hearth  process).  Impure  ores  are 
better  previously  roasted  in  reverberatory  furnaces  (Scotch 
hearth  furnace  process),  as  then  an  easier  smelting  and  better 
yield  result.  By  using  hot  blast  a  saving  of  fuel  may  be 
efifefted  (American  hearth  process). 

Theory  of  the  Hearth  Process. — The  chemical  readlions 
which  form  the  foundation  of  the  hearth  process,  are  similar 
to  those  of  the  reverberatory  process.  It  includes  the  extrac- 
tion of  lead  by  the  reaction  of  the  formed  oxide  and  sulphate 
of  lead  upon  the  undecomposed  galena,  as  well  as  the  decom- 
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position  of  the  formed  oxysulphide  by  lime  and  coal.     The 
masses  under  treatment  must  not  fuse  during  the  process. 

THE   SCOTCH   HEARTH   PROCESS. 

The  galena  is  partly  roasted  in  a  reverberatory  furnace,  and 
the  mass  converted  in  a  hearth  furnace,  using  cold  blast, 
to  a  pasty  state,  when  the  readlion  of  the  oxides  upon  the  sul- 
phides takes  place,  and  the  lead  becomes  reduced.  When  the 
extraftion  of  the  lead  ceases,  the  mixture  is  removed  from 
the  furnace,  the  slags  separated,  and  the  oxysulphides 
formed  are  replaced  in  the  furnace  with  an  addition  of  lime  ; 
they  are  then  decomposed  by  the  reaftion  of  lime,  and  of  the 
carbon  of  the  fuel,  and  the  greater  part  of  their  lead  extradled. 
The  separated  slags  are  worked  again  for  the  extradlion  of 
the  lead,  either  in  slag  hearths,  in  Castilian  furnaces,  or  in 
some  sort  of  cupola  furnace. 

Ores  with  a  larger  amount  of  lime  may  be  worked  by  this 
process.  For  example :  the  process  is  in  use  in  Cumber- 
land, Northumberland,  and  Durham,*  and  to  a  great  extent 
in  the  lead  works  at  Nenthead,  in  the  neighbourhood  of 
Alston  Moor.  Calcareous  galena,  containing  from  70  to  77 
per  cent  of  lead,  and  some  blende,  is  first  roasted  for  about  8 
hours  in  charges  from  9  to  11  cwts.  in  a  reverberatory  fur- 
FiG.  25.  Fig.  26. 
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*  Wehrle's  Huttenkunde,  ii.,  263.  Karst.  Met.,  v.  174.  Karst.  Arch., 
I  R.,  vi.,  227  ;  xiv.,  84,  87,  363.  Hartm.,  Repert.  fiir  Bergb.  und  Hiitten- 
kunde,  ii.,  380.  Ann.  des  Mines,  i  s^r.,  torn.,  xii.,  p.  10,  23,  405.  Phillips, 
Manual  of  Metallurgy.  London,  1852,  p.  504.  B.  u.  h.  Ztg.,  1859,  p.  388; 
1862,  p.  244.     Berggeist,  1861,  p.  328. 
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nace,  with  a  hearth  6  feet  3  inches  long  and  7  feet  broad, 
and  is  then  treated  in  four  Scotch  hearth  furnaces  standing 
beneath  a  single  chimney.  These  hearth  furnaces  are 
represented  by  Figs.  25  and  26,  of  which  Fig.  25  is  a  ver- 
tical sedlion,  and  Fig.  26  a  ground  plan.  It  is  formed  of 
cast-iron  beams,  a,  which  are  surrounded  by  the  brick  work, 
6.  The  front  part,  i,  of  the  hearth,  partly  closing  the 
hearth,  is  formed  of  galena  and  ground  bone.  The  work- 
stone,  c,  being  inclined  forward,  is  furnished  with  a  gutter, 
/,  leading  into  the  iron  pot,  g,  which  is  heated  from  below. 
A  separate  reverberatory  furnace  is  used  for  the  working  of 
poorer  ores.  The  ore  is  roasted  by  a  gradually  increased 
firing  at  so  high  a  temperature  that  a  thick  white  vapour  is 
evolved,  without  fritting  together.  To  prevent  the  roasting 
mass  from  caking  during  cooling,  it  is  taken  from  the  furnace 
and  thrown  into  a  trough  of  water. 

The  Scotch  hearth  is  filled  with  turf  at  the  commence- 
ment of  an  operation,  one  burning  piece  is  thrown  before  the 
tuyere,  and  the  blast  machine  set  to  work,  blowing  by 
nozzles  3  to  4  inches  wide.  The  rapidly  growing  fire  in  the 
hearth  is  increased  by  adding  some  shovels-full  of  coke,  and 
upon  these  a  mixture  of  oxysulphide,  and  browse  (undecom- 
posed  ore  and  coke  rubbish),  from  the  former  operation ;  on 
this  coke  is  again  added.  If  no  more  lead  is  extracted  from 
the  browse  by  the  reacSlion  of  the  oxides  upon  the  sulphides, 
the  mass  in  the  hearth  is  broken  up,  and  the  greater  part 
taken  out  by  means  of  a  scraper  and  put  upon  the  stone. 
The  brighter  parts,  or  grey  slags,  from  which  no  more  lead 
can  be  extracted  in  the  hearth,  are  thrown  aside,  and  the 
oxysulphides,  with  the  addition  of  some  lime,  are  taken 
back  to  the  hearth,  fuel  is  added,  also  some  shovels  of  ore 
(from  15  to  20  lbs.)  with  lime  and  the  required  fuel.  A  brick 
of  turf  is  put  before  the  tuyere,  the  better  to.  divide  the  blast 
in  the  furnace,  and  to  prevent  any  concentration  of  heat 
upon  one  point.  As  soon  as  the  masses  come  under  the 
diredl  influence  of  the  blast,  the  extraction  of  the  lead  takes 
place,  filling  the  interior  sump ;  when  filled,  the  lead  runs 
out  of  the  furnace  into  a  lead  crucible,  from  which  it  is 
poured  by  ladles  into   moulds.    When  the  production  of 


Digitized  by  VjOOQIC 


PRODUCTS  OF  THE   SCOTCH   HEARTH   PROCESS.  7I 

lead  ceases,  after  lo  or  15  minutes,  these  operations  are 
repeated.  When  at  the  commencement  fresh  ore  is  charged, 
a  thick  black  smoke  is  developed  from  the  fuel,  but  after- 
wards a  strong,  lighter  lead  smoke  is  continually  to  be  seen. 
This  smoke  is  condudled  into  a  very  extensive  condensation 
apparatus  which  runs  to  the  top  of  a  hill  in  the  form 
of  flues,  and  enters  a  rain  chamber  communicating 
with  a  high  chimney  on  the  top  of  the  hill.  The  rain 
chamber  is  provided  with  partition  walls,  which  alternately 
do  not  extend  either  to  the  roof  or  the  floor.  The  water 
standing  on  the  floor  shuts  the  openings  beneath  the  walls, 
therefore  the  smoke  is  drawn  by  means  of  a  cylinder  blast 
machine  through  the  water,  and  emitted  into  the  chimney. 
The  blast  machine  consists  of  3  cylinders  about  6  feet  in 
diameter,  and  8  feet  high,  and  is  put  in  motion  by  means 
of  a  water  wheel  50  feet  high.  The  arrangement  is  made  to 
transmit  the  smoke  direft  into  the  chimney  in  case  some 
repairs  of  the  blast  machine,  or  rain  chamber,  should  make 
this  desirable,  -^t  Nenthead  these  flues  are  nearly  five 
miles  long. 

The  Scotch  hearth  furnaces  produce  : — 
a.  Lead,  which  is  treated  after  Pattinson's  process. 
6.  Grey  Slags,  containing  from  i-i5th  to  i-ioth  of  the 
amount  of  lead  contained  in  the  ores.  They  are  mixed  with 
a  suitable  amount  of  lime,  and  worked  in  a  slag  hearth  for 
the  production  of  slag  lead  and  new  slags ;  the  latter  flow 
into  water  for  the  separation  of  the  lead  which  is  mechani- 
cally contained  in  them.  The  slag  lead,  after  being  refined, 
is  treated  by  Pattinson's  process. 

c.  Browse  (undecomposed  galena  and  coke  rubbish)  is 
selefted  for  the  next  operation. 

d.  Smoke  separates  from  the  water  in  the  reservoirs,  and 
when  dried,  is  worked  in  reverberatory  furnaces.  Accord- 
ing to  Phillips*  the  smoke  contains  from  i  to  ij  per  cent  of 
the  lead  existing  in  the  ores,  but  a  comparatively  small 
amount  of  silver.    The  smoke  of  ores  containing  20  ounces 

•  Berg  u.  h.  Ztg.,  1859,  p.  446. 
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of  silver  yielding  only  2  or  3  ounces  in  the  ton.  There  is 
more  silver  in  the  first  100  yards  of  the  condensing  chamber, 
measured  longitudinally,  than  in  the  following  100  yards ; 
and  the  smoke  coUedled  near  the  chimney  shows  traces  only 
of  silver.  About  300  tons  of  lead  are  annually  coUedled  from 
the  smoke. 

From  I  to  2  tons  of  lead  are  produced  in  an  operation 

extending  over  14  or  15  hours.     Ores  containing  73  per  cent 

of  lead,  yield  in  a  Scotch  hearth  furnace  60  per  cent ;  from 

I  the  slags,  3*20  per  cent ;  and  from  the  smoke,  6*91  per  cent; 

j  the  total  loss  amounts  to  2*90  per  cent. 

I  ton  of  ore  consumes  about  i  cwt.  2  lbs.  of  coal  in  smelt- 
ing, I  cwt.  3  lbs.  in  roasting,  together  with  3  lbs.  of  turf  and 
2  lbs.  of  lime. 

At  Pesey*  in  Savoy,  8  cwts.  of  roasted  ore  are  smelted 
in  8  hours,  yielding  from  54  to  65  per  cent  of  lead,  and  13 
per  cent  of  plumbiferous  slags,  and  consuming  40  to  45  per 
cent  of  the  weight  of  the  ore  in  charcoal ;  91  cubic  feet  of 
air  are  used  per  minute.  Only  40  to  50  per  cent  of  lead  were 
produced  at  the  smelting  of  these  ores  in  small  cupola 
furnaces. 

THE  AMERICAN   HEARTH   PROCESS. 

The  North  American  lead  hearth t  is  a  modification  of  the 
Scotch  hearth.  The  treatment  in  the  North  American  lead 
hearth  differs  from  that  in  the  Scotch  hearth  in  the  employ- 
ment of  raw  ore,  a  wood  fire,  and  hot  blast. 

The  purest  galena  must  be  used,  as  earthy  components 
will  interfere  with  the  roasting  in  the  hearth,  as  well  as  with 
the  subsequent  reacSlions.  The  air,  by  adting  upon  the  hot 
ore  above  the  tuyere,  forms  subsulphide  of  lead,  and  sul- 
phurous acid ;  most  of  the  sulphur  is  separated  in  order  to 
allow  the  oxidation  of  the  lead,  and  then  oxide  and  sulphate 
of  lead  will  be  formed,  as  in  the  Carinthian  process  ;  these 
are  then  heated  still  more,  in  conjundlion  with  sub-sulphide 
of  lead,  and  produce  the  metal  and  sulphurous  acid  gas  by 
mutual  reaction.    The  iron  forming  the  walls  of  the  hearth 

•  Levilec,  in  Karsten's  Archiv.,  i  R.,  vi.,  148.     Puvis,  Ibid.,  p.  227. 
f  Tunner's  Leob.  Jahrb.,  1852,  ii.,  176. 
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exerts  a  desulphurising  and  reducing  adlion,  and  the  iron  and 
carbon  contained  in  it  combine  with  the  oxygen  of  the  oxide 
of  lead.  The  condudl  of  this  simple  process  requires 
great  attention,  as  too  high  a  temperature  causes  a  consider- 
able loss  by  volatilisation  of  the  lead  and  sulphide  of  lead. 
When  well  conduced,  the  process  gives  a  good  yield  of  lead, 
and  costs  little  for  fuel  and  labour. 

The  Backwood  hearth  :*  formerly  in  Missouri  lead  was 
smelted  in  square  log  furnaces,  construdled  of  logs  or  stones. 
The  front  wall  is  about  8  feet  wide  and  7  feet  high,  the 
interior  of  the  bottom  is  2  feet,  wide  and  8  feet  long,  and  lo 
or  12  inches  thick,  forming  a  kind  of  boshes  with  the  side 
walls,  I  foot  in  width.  The  inclination  of  the  interior  is 
towards  the  arch  in  front,  which  serves  to  admit  the  air,  and 
is  temporarily  closed  with  a  wall,  having  a  small  tap-hole 
through  which  the  metal  flows.  A  channel  communicating 
with  the  tap-hole  runs  the  whole  length  of  the  bottom.  A 
sump  in  front  of  the  furnace  receives  the  fused  metal,  and 
thence  it  is  ladled  into  the  pig  moulds.  The  operations  in 
this  furnace  are  very  simple  :  a  layer  of  stones  is  placed  upon 
the  channel,  and  upon  them  a  layer  of  heavy  logs  laid  hori- 
zontally; then  billets  of  split  wood  are  set  upright,  and 
covered  with  galena,  which  again  is  covered  with  small 
wood.  A  fire  kindled  in  the  front  arch  will  char  the  lower 
parts  of  the  wood  first,  and  the  process  of  reduftion  will 
commence  as  soon  as  there  is  enough  heat  for  smelting. 
The  reduced  lead  flows  down  through  the  tap-hole  into  the 
basin.  One  operation  requires  24  hours ;  after  which  the 
furnace  is  allowed  to  cool  and  the  ashes  are  removed,  when  it 
is  re-charged.  About  50  per  cent  of  metal  is  thus  extradled 
from  the  ore.  The  remaining  ashes  contain  much  metal, 
and  are  subjedled  to  a  second  smelting  in  the  ash  furnace. 

The  galena  occurring  on  the  Mississippi  contains  only  in 
rare  cases  as  much  as  one  ounce  of  silver  to  the  ton ;  its 
extracSlion  is  only  profitable  when  it  contains  6  or  8  ounces. 
This  primitive  plan  of  lead  smelting  is  now  obsolete. 

•  OvERMANN,  Treatise  on  Metallurgy.  New  York,  1865. 
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Illustrations  of  the  American  Hearth  Process. 

The  hearth  at  Rosie,*  in  the  State  of  New  York,  repre- 
sented by  Figs.  27  and  28,  has  been  many  years  in  use. 
Fig.  27.  Fig.  28. 


The  hearth  is  first  carefully  warmed  by  a  charcoal  or  wood  fire, 
and  the  reservoir,  a,  is  filled  with  lead,  which  soon  assumes 
a  fluid  condition.  Upon  this  bath  the  charge  swims  during 
treatment.  The  workman  places  several  pieces  of  wood 
before  the  blast,  and  then  charges  with  raw  galena  ;  the  heat 
soon  permeates  the  whole  pile,  and  the  materials  already  men- 
tioned oxidising,  a  reducing  adtion  takes  place,  and  the  re- 
sulting metal  flows  into  the  basin,  c.  One  operation  finished, 
the  furnace  is  re-charged,  and  the  process  is  continuous.  A 
more  concentrated  fuel  is  found  to  give  too  intense  a  heat, 
and  to  prevent  the  rapid  redudlion  of  the  ore ;  a  degree  of 
heat  sufiicient  to  fuse  the  galena  should  be  avoided,  and  a 
large  supply  of  air  is  essential. 

In  24  hours,  75  cwts.  of  lead  are  produced,  and  the  cost 
per  ton  for  working  is  about  7  shillings. 

English  reverberatory  furnaces,  and  cupola  furnaces,  are 
also  used  in  America  for  the  production  of  lead.t 

At  Bleiberg,t  in  Carinthia,  similar  hearths  formed  of  cast 
iron  have  been  used  since  the  year  1843 ;  the  ore  gives  by 


•  B.  u.  h.  Ztg.,  1842,  p.  975  ;  i860,  p.  317. 
geolog.  Reichsanstalt,  1856,  p.  795. 


Begwkfd,  vi.,  277.    Jahrb.  d. 


f  OvERMANN,  Treatise  on  Metallurgy.    New  York,  1852,  p.  656. 

+  Plattner,  in  B.  u.  h.  Ztg.,  1854,  p.  22.    Tunner*s  Jahrb.,  1851,  Bd.  I., 
p.  238;  1852,  Bd.  II.,  p.  262. 
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assay  70  to  71  per  cent  of  lead,  and  from  this  61  to  62  per 

cent  of  pure  lead  is  obtained,  and  some  residues  rich  in  lead. 

According  to  Plattner,  these  residues  are  composed  of — 

SiOj 5*260 

SO3 5-038 

PbO 37710 

Fe^Oj 19*500 

ZnO 19*200 

M0O3 0*460 

CaO 8-856 

MgO,  and  MnO      .     .     .     i'4i7 
Al,03,  KO  and  NaO    •     .     1-760 

and  they  are  best  re-smelted  in  cupola  furnaces  with  an  ad- 
dition of  loam. 

According  to  Tunner*  the  loss  of  lead  in  reverberatory 
furnaces  with  one  hearth,  at  Bleiberg,  during  the  years  1849 
to  1851,  amounted  to  7*5  per  cent ;  in  furnaces  with  two 
hearths,  to  6*9  per  cent;  and  in  the  American  hearth  to  10*51 
per  cent ;  the  fuel  used  amounted  respedlively  to  I2'8,  8*7, 
and  5*25  cubic  feet  per  cwt.  of  produced  lead,  and  to  8*35, 
5*68,  and  3*34  cubic  feet  per  cwt.  of  worked  galena.  The 
experiments  at  Bleiberg  have  shown  that  the  American  hearth 
is  advantageous  for  working  pure  ores,  but  when  they  contain 
blende,  reverberatory  furnaces  are  preferable ;  the  resulting 
waste  is  best  re-worked  in  cupola  furnaces  with  an  addition 
of  quartz,  iron  refinery  cinders,  and  cast  iron. 

The  Cupola  Furnace  Process. 

Galena,  whether  poor  or  rich  in  silver,  is  treated  in  cupola 
furnaces  when  it  contains  enough  foreign  substances 
(earths  or  sulphides)  to  make  it  unfit  for  working  in  rever- 
beratory or  hearth  furnaces ;  sometimes  local  circumstances, 
such  as  a  deficiency  of  cheap  and  good  coal,  render  cupola 
furnaces  advisable  for  the  treatment  of  very  pure  galena. 
It  is  usually  much  cheaper  to  work  galena  rich  in  lead  and 
poor  in  silver,  in  reverberatory  furnaces,  instead  of  in  cupola 
furnaces,  as  the  former  do  not  require  such  expensive  fluxes, 
and  the  yield  of  metal  is  larger. 

*  Leoben.  Jahrb.,  1852,  ii.,  262. 
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j  Rivot*  has  made  an  interesting  comparison  of  the  cost  of 

I  working,  the  yield  of  metal,  &c.,  and  the  results  of  the 

smelting  at  the  works   in   Tamowit^   (Silesia),  in   cupola 
I  furnaces,  with  the  results  of  the  working  of  similar  ores  in 

I  English  reverberatory  furnaces. 

^  Galena  with  earthy  substances  is  best  decomposed  by  an 

I  addition  of  iron  (precipitation  process),  and  ores  containing 

I  many  foreign  sulphides  are  first  treated  by  a  roasting,  and 

f  then  by  a  purifying  and  reducing  smelting  (roasting  reduc- 

[  tion)  process  ;  this  last  process  requires  an  addition  of  iron. 

i  As  the  choice  between  these  processes  depends  chiefly  on 

I  the  quality  and  quantity  of  the  foreign  substances  contained 
in  the  ore,  local  circumstances,  such  as  the  price  of  the  ma- 

I  terials,  necessitate  various  modifications  of  the  process. 

i  Furnaces. — ^As  impure  ores  mostly  require  a  higher  tem- 

j  perature  for  smelting,  cupola  blast  furnaces  are  usually 

[  employed  ;  in  Spain!  and  France  J  similar  furnaces  without 

;  a  blast,  called  atmospheric  furnaces,  have  been  in  use,  but 

I  the  results  are  unsatisfadtory. 

[  Loss  of  Lead. — ^The  construdlion  of  the  furnace  has  great 

I  influence  upon  the  loss  of  lead  by  scorification  and  volatili- 

J  sation.    The  loss  occasioned  by  scorification  is  partly  chemi- 

f  cal,  caused  by  the  formation  of  silicate  of  lead,  and  partly 

I  mechanical,  caused  by  an  imperfedt  extraction  of  the  lead,  and 

I  of  the  plumbiferous  produdls,  from  the  slags.     If  the  mixture 

is  properly  proportioned,  the  loss  is  chiefly  caused  by  the 
powdered  mixture  falling  through  the  fuel,  and  becoming 
either  mechanically  enclosed  by  the  slags,  or  scorified  by 
silica.  The  best  remedies  for  this  are  higher  furnaces,  the 
employment  of  the  mixture  in  a  more  compa<5t  form,  and, 
according  to  Vogl,l;  a  greater  depth  of  the  furnace,  so  as  to 
j  give  the  slags  a   longer  passage   before  flowing  out,  and 

I  enable  the  heavier  parts,  such  as  lead,  matt,  &c.,  to  separate. 

r  The  loss  by  volatilisation  depends  on  the  velocity  of  the 

•  Rivot,  M^tallurgie  du  Plomb  et  de  TArgent,  i860,  p.  442. 

f  B.  u.  h.  Ztg.,  1862,  No.  7. 

J  Bulletin  de  la  Soci^t^  de  Tlndastrie  Min^rale,  St.  Etienne,  ii.,  415. 

II  B.u.  h.  Ztg.,  1865,  p.  I. 
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blast,  and  on  the  pressure  which  the  blast  and  the  hot  gases 
have,  and  the  greater  the  pressure  the  greater  the  loss  will 
be ;  the  loss  may  be  lessened,  however,  by  so  construdling 
the  furnace  that  it  is  wide  from  the  front  wall  to  the  back 
wall,  at  the  level  of  the  tuyere,  and  contradled  above  the 
smelting  zone,  and  by  having  it  built  sufficiently  high. 

The  height  and  width  of  the  furnace  must  be  modified 
according  to  the  quantity  and  the  pressure  of  the  blast 
required  for  the  process;  and  the  more  blast  and  pressure 
required,  the  wider  and  higher  must  be  the  furnace.  If 
the  mouth  of  the  furnace  top  is  flaming,  the  loss  of  metal 
increases ;  but  some  loss  takes  place  under  all  circum- 
stances, and  though  every  possible  precaution  may  be  taken, 
the  loss  will  still  be  so  considerable  as  to  necessitate 
spacious  chambers  above  the  furnace  for  the  colledlion  of 
the  volatilised  lead ;  the  volatilisation  is  increased  when  the 
smelting  mixture  contains  substances  which  are  apt  to  be 
reduced  in  the  upper  parts  of  the  furnace  (white  lead  ore, 
litharge,  &c.),  while  the  chief  reaction — the  decomposition 
of  the  galena — first  takes  place  in  the  lower  parts  of  the 
furnace. 


Fig.  29. 


Fig.  30. 
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Vogl's*  Furnace. — This  furnace,  which  is  represented  by 
Figs.  29  and  30,  is  so  construdled  as  to  give  the  greatest 
possible  yield  of  metal.     It  possesses, — 

1.  A  great  depth,  so  that  the  slags  travel  some  distance 
before  flowing  out,  in  order  to  permit  the  separation  of  the 
contained  lead  and  matt. 

2.  A  great  breadth  on  the  back  wall. 

3.  The  furnace  is  worked  at  a  low  pressure,  and  with  a 
light  blast,  whilst  the  tuyere  has  an  inclination  of  25"*.  The 
more  refradlory  the  ores  are,  and  the  greater  the  necessity  for 
economising  fuel,  the  more  blast  and  pressure  are  required. 

4.  A  great  height,  in  order  to  form  a  sufficient  covering. 

5.  A  furnace  shaft  as  narrow  as  possible,  and  standing 
in  great  contrast  to  the  wide  lower  part  of  the  furnace. 
The  shaft  must  be  contracted  abruptly  on  its  commence- 
ment, so  as  to  concentrate  the  heat  in  the  lower  part 
of  the  furnace,  and  to  keep  cool  the  upper  part,  which 
serves  to  condense  the  lead  fume,  which,  when  once  heated, 
and  beginning  to  escape,  cannot  be  restrained  either  by  the 
great  height  of  the  furnace  or  by  a  low  temperature.  The 
small  amount  of  blast  employed  causes  the  fuel  to  be  less 
completely  consumed,  and  also  more  fuel  is  required  by  the 
swelling  of  the  furnace  in  the  smelting  zone ;  but  all  these 
disadvantages  are  more  than  balanced  by  a  greater  yield  of 
lead.  Whereas  in  the  old  furnaces  100  cwts.  of  mixture 
were  smelted  with  600  cubic  feet  of  coal,  causing  a  loss  of  at 
least  14  per  cent  of  lead,  in  the  new  furnace  the  loss  only 
amounts  to  2  per  cent  at  the  outside,  and  consumes  800 
cubic  feet  of  coal,  which  is  certainly  a  saving.! 

The  negleft  of  any  of  these  five  conditions  is  at  once  shown 
by  a  flame  on  the  top  of  the  furnace,  causing  a  great  loss  of 
lead.  The  gases  emitted  from  the  furnace  must  be  so  cool 
that  the  hands  may  be  held  on  the  top  of  the  furnace  and  not 
burnt,  provided  the  charges  have  sunk  to  two-thirds  of  its 
height.  The  same  laws  regulate  the  construftion  both 
of  the  iron  blast  furnaces  and  the  lead  cupola  furnaces, 

*  B.  u.  h.,  Ztg.,  1S55,  p.  I,  243. 
+  OeBterr.  Zeitschr.,  1862,  p.  34. 
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modified  only  in  the  manipulation,  or  by  local  circumstances, 
as,  for  instance,  when  the  mixture  facilitates  the  formation 
of  deposits  in  the  sump,  the  furnace  must  not  have  a  depth 
of  4  feet  8  inches,  and  its  upper  part  must  also  be  shallower. 
Markus*  states  that  the  loss  of  lead  is  considerably  less- 
ened by  a  high  furnace,  and  that  each  pressure  requires  a 
certain  height,  and  that  the  height  of  a  furnace  is  determined 
by  the  highest  pressure  intended  for  it.  The  following  com- 
parison of  different  furnaces  will  be  found  interesting : — 


Joachimsthftl. 

Przibram. 

Freiberg. 

Scbemmt2. 

Hartz. 

Silesia. 

a.          50 

36 

42 

43 

IS 

36 

Inches. 

b,           48, 

26 

64 

48 

28 

» 

Cj           104 

6i 

12i 

8 

6i 

64 

d.            3 

z 

2 

a 

2 

z 

e.          aok 

9k 

10 

13 

17 

i7i 

Feet. 

/.           23 

f  Gradaally 
1  contracted 

Gradually  ) 
contraAed  j 

Inches. 

?'            6 
*.         280 
i,           — 

4i 

x| 

17 

74 

— 

Lines  of  mercary. 

?i 

157 
9 

35J 

*3J 

Cubic  ft.  per  min. 
Per  cent. 

a,  depth ;  b.  breadth ;  c,  sedtion  at  the  tuyere ;  <f,  number  of  tuyeres ;  e,  height  from  the  tuyere 
to  the  tunnel  head :  /,  difference  of  depth  in  the  upper  and  lower  parts ;  g,  pressure  of  blast ; 
ht  quantity  of  blast ;  «,  loss  of  lead. 

Lead  furnaces  have  either  a  regular  prismatic  form,  e.  g., 
the  furnaces  in  Przibram,  Schemnitz,  &c.,  or,  which  is  pre- 
ferable, an  irregular  form  (Freiberg,  Joachimsthal,  Hartz): 
round  or  elliptical  furnaces  do  not  answer  at  all. 

The  following  may  be  stated  with  reference  to  the  require- 
ments for  the  proper  construftion  of  lead  furnaces  mentioned 
in  the  preceding  page  : — 

I.  The  depth  of  the  hearth  of  the  furnace  depends  chiefly 
on  the  fusibility  of  the  ores,  on  the  fluxes  at  disposal,  and  on 
the  pyrometric  effeft  of  the  fuel.  An  increased  depth  of  the 
hearth  causes  a  greater  consumption  of  fuel.  When  it  is  not 
deep  enough,  the  smelting  masses  will  not  separate  properly 
according  to  their  specific  gravity  ;  the  blast  impinges 
against  the  front  wall,  and  causes  a  strong  draught  of  the 
gases  in  the  shaft,  and  a  more  rapid  waste  of  the  hearth 
takes  place.  In  most  cases,  a  medium  depth  of  3  feet  6 
inches,  as  in  the  furnaces  of  the  Upper  Hartz,  is  found  most 
suitable ;  the  limits  are  2  feet  6  inches,  and  4  feet  6  inches. 
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2.  A  great  breadth  of  the  back  wall  is  better  than  the 
smaller  breadth  used  in  most  lead  furnaces,  but  the  comers 
projefting  into  the  furnace  are  so  near  to  the  point  of  the 
noses  as  to  be  rapidly  melted.  This  is  almost  remedied  in 
Vogl's  new  furnace.*    (See  Fig.  31.) 

Fig.  31. 


3.  Little  pressure  and  a  small  amount  of  blast  are  cer- 
tainly advantageous,  as  preventing  the  volatilisation  of  the 

•  Oesterr.  Zeitschr.,  1862,  No.  5. 
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lead,  but  this  may  be  more  than  counterbalanced  by  the  sub- 
sequent smaller  produdtion ;  besides  which,  the  degree  of 
pressure  depends  on  the  density  of  the  fuel,  and  the  quality 
of  the  ore. 

4.  A  greater  height  of  the  furnace  adts  favourably  with 
regard  to  the  loss  of  lead  by  volatilisation  and  the  con- 
sumption of  fuel ;  Vogl's  new  furnaces  have  a  height  of  28 
feet,  and  pounded  sulphuretted  ores  require  a  higher  furnace 
than  similar  ores  in  lumps.  Oxidised  ores  and  produdts, 
when  either  porous  or  in  the  form  of  powder,  are  best 
worked  in  lower  furnaces,  as  they  have  been  already  reduced 
in  the  upper  parts  of  high  furnaces.  To  work  these  ores 
advantageously  in  higher  furnaces,  they  should  be  moulded 
into  the  form  of  bricks,  or  roasted  in  a  reverberatory  furnace 
till  they  cake  together  or  become  completely  scorified. 

5.  The  sudden  contradtion  of  the  furnace  in  its  shaft  has  a 
favourable  influence  in  keeping  back  the  ascending  gases;  the 
upper  part  of  the  shaft  of  Vogl's  newest  furnace  is  contradled 
to  18  inches ;  if  the  ores  contain  zinc,  this  part  of  the  furnace 
must  be  at  least  21  inches  wide.  When  using  a  mixture 
containing  much  oxide  of  iron,  and  employing  a  dense  fuel, 
it  is  advisable  to  widen  the  shaft  of  the  furnace,  and  to 
use  a  lower  pressure,*  in  order  to  prevent  the  formation  of 
much  deposit  of  iron  in  the  hearth;  Vogl's  construdlion, 
with  slight  modifications,  is  adopted  in  many  lead  works. 

Furnaces  with  two  tuyeres,  and  either  with  or  without  a 
partition  wall,  have,  in  some  places,  yielded  a  greater  pro- 
dudtion  than  furnaces  with  one  tuyere,  a  saving  of  fuel 
taking  place  at  the  same  time.  In  other  smelting  works 
(Upper  Hartz,  Joachimsthal)  this  disadvantage  is  not  found, 
and  as  it  is  also  more  difficult  to  keep  two  noses  than  one, 
the  furnaces  are  worked  by  one  tuyere. 

These  division  walls  did  not  answer  at  Joachimsthal  in 
furnaces  with  two  tuyeres,  on  account  of  the  great  quantity 
of  zinc  contained  in  the  ore,  which  occasioned  too  much 
metallic  fume  in  the  furnace. 

•  V.  Amon,  in  Oesterr.  Ztschr.,  1857,  P»  332i  334. 
G 
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The  hearth,  or  bottom  of  the  furnace,  is  formed  of  a  mixture 
of  loam  and  charcoal  dust,  firmly  rammed  down.  The 
basin  outside  the  tymp  contains  the  lead,  which  is  tapped  off 
by  opening  a  tap-hole  communicating  with  the  bottom, 
and  the  slags  are  conduced  by  a  slope  to  another  basin,  where 
they  accumulate  for  re-smelting. 

The  length  of  the  nose  must  be  so  regulated  that  the  front 
wall  is  kept  free  from  deposit ;  and  by  lengthening  or  shorten- 
ing the  nose,  the  hearth  can  be  made  wider  or  narrower 
according  to  requirement. 

B.  DECOMPOSITION  OF  RAW  ORES  BY  MEANS  OF  IRON. 
PRECIPITATION   PROCESS. 

This  process  is  best  adapted  for  ores  rich  in  lead  and  poor 
in  silver,  associated  with  siliceous  and  aluminous  gangue, 
and  not  containing  foreign  sulphides  to  any  great  amount,  as 
these  compounds  are  more  or  less  decomposed  by  iron ;  their 
base  either  deteriorating  the  lead  (copper,  antimony,  arsenic), 
or  causing  a  loss  of  metal  by  facilitating  the  volatilisation 
of  lead,  or  the  formation  of  metallic  fume  (zinc,  antimony, 
arsenic),  or  by  rendering  the  smelting  mass  difiicult  to  fuse 
(zinc  blende);  the  sulphides  also  cause  the  formation  of 
produfts  such  as  speiss,  and  the  matt  becomes  richer  in 
valuable  metals.  This  process  will  be  found  more  advan- 
tageous the  higher  the  price  of  lead  is,  in  comparison  with 
iron;  as  the  price  of  iron  is  now  comparatively  high,  the 
only  ores  profitable  to  work  by  this  process  are  those  rich 
in  lead;  but  ores  poor  in  lead  may  be  worked  by  it  if  they 
contain  sufficient  silver,  though  the  extraftion  of  silver  by 
this  method  is  imperfeft. 

The  advantages  of  the  precipitation  process  are  : — ^That 
it  saves  the  roasting  of  the  ore,  and  allows  a  more  perfedl 
composition  of  the  mixture,  thus  insuring  a  safer  result 
than  would  be  possible  with  roasted  ores,  as  their  com- 
position varies  according  to  the  degree  of  roasting.  The 
silica  contained  in  rich  ore  makes  it  easier  to  scorify 
the  lead  in  oxidised  than  in  sulphuretted  ones ;  the  produc- 
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tion  is  less,  and  a  small  amount  of  copper  is  lost  when 
working  roasted  ores,  whilst  in  the  precipitation  process  the 
copper  collefts  in  the  matt,  and  may  be  made  profitable. 

The  disadvantages  of  the  precipitation  process  are  : — ^The 
iron  is  lost  by  entering  into  combination  with  the  slag,  and  an 
important  disadvantage  is  that  the  matt,  which,  together  with 
metallic  lead,  is  formed  in  the  process,  contains  a  consider- 
able amount  of  lead,  often  i  or  J  of  the  whole  yield,  and  also 
some  silver.  To  extradl  these  metals,  the  process  has  to  be 
much  protrafted,  which  can  only  be  done  with  considerable 
loss  of  metal ;  when  other  sulphides,  such  as  Cu^S,  AgS, 
SbSj,  are  contained  in  the  ore,  they  also  enter  into  combi- 
nation with  the  matt.  The  amount  of  lead  in  the  matt  may 
be  lessened  by  employing  a  suitably  high  temperature,  but  the 
amount  of  silver  cannot  be  diminished,  as  sulphide  of  silver 
has  a  greater  affinity  for  sulphide  of  iron,  and  therefore  will 
be  found  in  the  matt  in  larger  quantity  than  the  sulphide  of 
lead. 

If  the  greater  part  of  lead  and  silver  were  extra(5ted 
from  the  strongly  roasted  matt  by  one  operation,  most  of 
the  copper,  as  well  as  antimony,  zinc,  and  arsenic,  would 
enter  into  the  lead ;  whereas  it  is  only  possible  to  drive  them 
off  by  repeated  roasting,  and  to  extraft  the  argentiferous 
lead  by  subsequent  smelting  processes ;  the  copper  will  then 
concentrate  into  the  matt.  Part  of  the  silver  will  be  found 
in  the  last  matt  on  account  of  the  above-mentioned  affinity, 
and  is  to  be  extra<5ted  from  this  matt,  or  from  the  black  copper 
produced  from  the  matt. 

The  smoke,  also,  and  part  of  the  slags  contain  enough  lead 
and  silver  to  make  it  worth  while  to  work  them  over  again. 

The  following  have  an  essential  influence  upon  the  success 
of  the  process  : — 

I.  The  Nature  of  the  Ore. 

Ores  are  worked  in  a  pounded  state  (schlich),  or  in  pieces  the 
size  of  a  nut.  The  latter  is  preferable*  when  the  galena  is 
not  too  poor  in  lead,  or  associated  with  too  many  substances 

•  Erdm.»  J.,  f.  ok.  u.  tech.  Chemie,  ii.,  402,  511.    Bergwerksfreund,  xi.,  572. 
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as  to  make  it  difficult  to  render  fluid  (quartz,  zinc  blende, 
&c.)-  Schlich  cakes  together  in  the  furnace,  surrounds  and 
encrusts  the  fuel,  and  requires  more  fluxes  and  stronger  heat, 
causing  the  formation  of  smoke,  soot,  and  deposits;  by  bind- 
ing together  the  schlich  with  lime,*  or  by  previously  heat- 
ing it  until  it  frits,  these  disadvantages  may  be  avoided. 
Ores  in  lumps  and  schlich  are  seldom  worked  together, 
as  they  require  different  fluxes,  t  When  worked  together 
they  require  comparatively  more  fluxes  and  iron,  and  the 
resulting  intermediate  products  are  richer  in  lead,  and  the 
volatilisation  of  lead  is  greater.  If  both  kinds  of  ore  have 
nearly  the  same  amount  of  metal  and  a  similar  behaviour  in 
smelting,  they  may  be  worked  together  advantageously,  and 
the  process  proceeds  more  rapidly  than  the  smelting  of 
schlich  alone ;  the  latter  not  being  held  together  by  the  larger 
pieces,  and  the  above-named  drawbacks  in  smelting  schlich 
by  itself  not  being  so  marked.  Schlich  generally  requires 
higher  furnaces,  a  lower  pressure  of  blast,  and  larger  addition 
of  slag  than  ores  in  pieces. 

The  minerals  associated  with  the  ore  may  be  either  advan- 
tageous or  injurious. 

Quartz,  Silicates,  Lime,  Fluor  Spar,  &c.,  are  desirable, 
provided  the  amount  is  not  too  great,  as  they  assist  the  for- 
mation of  slag. 

Sparry  Iron  Ore  exerts  a  desulphurising  influence. 

Heavy  Spar  adls  injuriously  if  present  in  excess;  the  sul- 
phate of  baryta  becomes  reduced  in  the  cupola  furnace  to  sul- 
phide of  barium,  part  entering  into  the  matt,  and  by  readlion 
upon  silicate  of  lead,  forming  silicate  of  baryta  and  metallic 
lead  or  sulphide  of  lead,  dependent  on  the  quantity  of  oxide 
of  lead  which  had  been  combined  with  the  silica ;  in  the 
first  case  the  oxygen  of  the  oxide  of  lead  oxidises  both  com- 
ponents of  the  sulphide  of  barium.  The  heavy  spar  is  thus 
decompo^d  by  the  lead,  and  facilitates  the  fusibility  of 
the  slag  at  high  temperature ;  the  rea(^ion  of  the  iron  also 

*  Karst.,  Arch.,  2  R.,  xxiv.,  430.    B.  u.  h.  Ztg,,  1859,  p.  173. 
f  Leithker,  B.  n.  h.  Ztg,,  1852,  p.  170. 
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forms  an  oxysulphide  containing  baryta,  sulphide  of  iron, 
and  sulphide  of  barium.  This,  on  account  of  its  specific 
gravity  being  between  matt  and  slag,  assists  the  formation 
of  a  so-called  dull  matt  (skumnas)  which  does  not  completely 
separate  from  the  slags,  causing  the  produdtion  of  impure 
produdts,  and  also  giving  rise  to  loss  of  metal. 

Sulphide  of  Silver  is  a  valuable  .component  of  galena,  the 
economy  of  the  whole  process  often  depending  on  it,  though 
it  causes  a  lengthening  of  the  operation,  as  before  stated. 

The  following  components  are  injurious : — 

Sulphide  of  Zinc  partly  enters  into  the  slag,  renders  it 
more  difficult  to  fuse,  and  requires  more  flux  (fusible  slags), 
thus  causing  a  loss  of  metal,  and  a  greater  consumption  of 
fuel  (Lautenthal)  J  it  is  decomposed  by  iron  at  a  high 
temperature,  and  the  zinc  freed  from  the  blende  volatilises, 
carrsdng  away  much  lead  and  silver,  chiefly  when  the  blende 
itself  is  argentiferous  (Przibram),*  and  causes  the  formation 
of  metallic  fume  and  zinciferous  produdts,  whose  working 
up  again  entails  greater  loss  of  metal.  When  oxide  of  zinc 
is  formed  by  the  influence  of  the  blast  or  of  steam,  the  slags 
are  also  difficult  to  fuse ;  sulphide  of  zinc  is  more  apt  to  enter 
the  slags  as  such  than  to  combine  with  the  matt;  the  result- 
ing slags  are  then  impure,  specifically  heavy,  and  do  not 
easily  separate  from  the  matt. 

Iron  Pyrites  causes  a  greater  consumption  of  iron,  and 
facilitates  the  formation  of  matt ;  from  8  to  lo  per  cent  of 
pyrites  requires  from  2  to  3  per  cent  of  iron. 

Sulphides  of  Antimony  and  Arsenic  cause  great  loss  of 
metal,  contaminate  the  lead,  and  form  soot  in  the  furnace. 
Arsenic  by  its  greater  volatility  causes  more  loss  of  metal 
than  antimony ;  arsenic  enters  less  into  the  lead,  and  may  be 
more  completely  separated  from  it  by  the  cupelling  process. 
More  iron  is  absorbed  by  arsenic  than  by  antimony.  These 
metals  also  cause  the  formation  of  speiss.  If,  at  the  same 
time,  there  are  nickel  and  cobalt  in  the  lead  ores,  this 
formation  of  speiss  may  be  considered  an  advantage,  as  the 
cobalt  and  nickel  will  coUedt  in  it. 

•  LsoBEM.  u.  Przibr.  Jahrb.  pro.,  1857,  p.  236. 
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Copper  Pyrites,  is  decomposed  by  metallic  iron,*  the 
reduced  copper  follows  the  lead  into  all  the  produfts,  and 
when  a  suitable  addition  of  iron  is  made,  may  be  nearly  all 
concentrated  in  the  matt  and  then  extrafted  from  it  (Upper 
Hartz,  Victorfriedrichshiitte). 

Bournonite  and  Grey  Copper  Ore  adl  like  copper 
pyrites,  but  as  they  contain  arsenic  and  antimony,  they  also 
cause  loss  of  metal  by  volatilisation,  and  by  the  formation 
of  metallic  depoisit. 

The  greater  the  difference  between  the  foreign  sulphides 
which  occur  with  the  galena  from  which  the  metals  (silver 
and  copper)  are  to  be  extrafted,  the  greater  will  be  the  com- 
plications of  the  smelting  process, 

2.  The  Mixture  of  the  Ores. 

A  certain  quantity  of  slag  is  required  to  prevent,  as  far  as 
possible,  oxidation  of  lead  on  the  furnace  hearth,  therefore 
rich  and  poor  ores,  giving  a  moderate  yield  of  metal,  are  mixed 
together  as  the  operator  may  find  desirable.  The  different 
earthy  bodies  must  be  contained  in  the  mixture  in  such  pro- 
portions as  to  melt  together ;  an  addition  of  an  earthy  or 
metallic  oxide  (oxide  of  iron)  is  usually  required  to  form  a 
sufficiently  fusible  slag. 

Experience  proves  that  a  more  complete  decomposition  of 
galena  by  iron  takes  place  at  a  high  temperature,  whilst 
at  a  low  temperature  a  matt  richer  in  lead  is  formed. 
Sulphides  of  lead  and  iron  combine  at  a  lower  temperature 
than  is  required  for  the  extraction  of  lead  from  galena  by 
iron,  therefore  it  is  necessary  to  render  the  mixture  so 
difficult  to  fuse  that  the  galena  gets  decomposed  at  the 
temperature  required  for  its  smelting.  As  the  most  fusible 
combination  of  silica,  alumina,  and  lime,  in  the  proportion 
of  56 :  14 :  30,  is  still  not  sufficiently  fusible,  and  as  an  increase 
of  fuel  would  cause  a  great  loss  of  metal  by  volatilisation, 
the  mixture  rendered  more  fusible  by  an  addition  of  ferru- 
ginous   substances    (ferruginous   lead    ores,    iron    refinery 

*  RivoT*s  and  Phillip's  copper  smelting  process  :  B.  u.  h.  Ztg.,  1850,  p. 
593  ;  1852,  p.  268,  303. 
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cinders,  &c.),  tending  to  form  silicates  intermediate  between 
mono-  and  bi-silicates.  . 

The  analyses  of  such  slags  (from  raw  ores)  of  the  Upper 
Hartz*  stand  thus : — 


Proportion  of 
Oxygen  between 
SiOj  and  bases. 
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Nos.  I  to  15,  schlich  slags  from  the  Upper  Hartz,  mostly 
*  Kerl's  Htittenkunde,  i.,  p.  845. 
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bisilicates,  are,  according  to  Plattner,  mixtures  of  mono-,  bi-, 
and  tri-silicates  of  the  composition, 

m,  (CaO,  MgO,  PbO)  SiOj  +  »,  aFeO  +  28103  +  AI2O3  SiOs. 

Nos.  16  to  20  are  slags  produced  at  the  Clausthal  lead 
works,  in  a  blast  furnace  furnished  with  boshes ;  Plattner 
asserts  that  their  composition  corresponds  to  the  following 
formulae : — 

No.  i6,  w,  (FcO,  CaO,MgO,PbO)  SiOj+w,  aFeO,  aSiOj+AlaOj  2Si03  and 
No.  i7to20,m,  (FeO,CaO,MgO,  BaO,   PbO,  MnO)   Si03  +  AI2O3  2Si03. 

Although  the  silica  is  predominant,  no  great  scorification  of 
lead  takes  place,  as  the  lead  in  the  lower  parts  of  the  furnace 
is  not  in  an  oxidised  state.  A  higher  degree  of  silication  of 
the  slags  adds  to  the  purity  of  the  produdls.  To  attain  a 
sufficiently  high  temperature  for  melting  the  mixture,  higher 
furnaces  are  employed  when  using  charcoal  as  fuel,  and 
lower  when  using  coke  or  coal. 

The  mixture  for  the  precipitation  process  usually  has  the 
following  components : — 

Iron,  whether  wrought  or  cast  iron,  scrap,  granulated, 
or  spongy  iron;  wrought  iron  is  the  most  effeftive,*  but 
Chenot's  spongy  iron  is  very  efficacious ;  whilst  the  cheaper 
substitutes  for  iron,  such  as  iron  ore,  refinery  cinders,  &c., 
do  not  give  satisfadlory  results. 

A  stochiometric  calculation  shows  that  i  part  of  pure  iron 
extradls  3*83  parts  of  lead,  and  i  part  of  cast  iron  with  5  per 
cent  of  impurities,  extrafts  3*64  parts,  assuming  the  forma- 
tion of  FeS ;  but  usually  Fe^S  is  formed ;  a  surplus  of  iron  is 
useless. 

Less  iron  is  added  when  the  lead  ores  contain  Copper 
Pyrites,  in  order  to  avoid  as  far  as  possible  the  decomposi- 
tion of  sulphide  of  copper,  and  also  when  the  ores  contain 
Blende,  to  avoid  the  liberation  of  much  zinc.  According  to 
Markus*  arsenic  first  enters  into  combination  with  iron, 
forming  Fe4As,  and  then  the  surplus  reafts  upon  the  sulphide 
of  lead ;  as  the  volatilisation  of  lead  and  silver  decreases  by 

*  B.  u.  h.  Ztg.,  i860,  p.  165.    Kerl's  Metallur.  Hiittenkunde,  i.,  p.  376. 
Oesterr.  Ztschr.,  1857,  No.  i.     B.  u.  h.  Ztg.,  1857,  No.  8. 
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the  union  of  the  arsenic  to  iron^  an  increased  addition  of  iron 
lessens  the  loss  of  metal ;  therefore  a  larger  addition  of  iron 
is  desirable  when  the  ores  contain  Arsenic. 

Sulphide  of  Silver  is  decomposed  by  iron  in  the  same 
way  that  sulphide  of  lead  is,  and  when  a  certain  amount  of 
iron  is  added,  the  decomposition  of  both  sulphides  is  complete ; 
if  the  addition  of  iron  is  increased,  a  proportionately  greater 
amount  of  lead  is  extracted,  as  the  sulphide  of  silver,  on 
account  of  its  great  affinity  to  sulphide  of  iron,  is  more  apt  to 
colle<5t  in  the  matt.  Since  the  extraction  of  silver  from  the 
matt  would  require  an  addition  of  lead,  it  is  preferable  to 
produce,  by  a  smaller  addition  of  iron,  a  matt  richer  in  lead. 
Sulphide  of  silver  is  also  decomposed  by  metallic  lead  in  a 
similar  way,  and  a  different  proportion  of  lead  is  required  for 
extrafting  a  certain  quantity  of  silver,  depending  for  in- 
stance on  the  state  of  combination  of  the  sulphide  of  silver* 
(whether  it  occurs  with  galena  only,  or  with  sulphides  of 
copper  or  iron),  and  on  the  temperature  employed.! 

The  reaftion  of  the  iron  is  also  reducing  as  well  as  de- 
sulphurising, for  by  it,  in  the  presence  of  coal,  oxide  of  lead 
and  silicate  of  lead  may  be  transformed  into  metallic  lead  and 
silicate  of  iron,  the  carbon  of  the  cast  iron  taking  part  in  this 
redu(5tion. 

Experiments  show  in  every  case  how  much  iron  may  be 
added  to  the  mixture ;  the  pieces  of  iron  must  not  be  large 
enough  to  sink  too  quickly,  and  they  must  be  consumed 
before  the  smelting  mass  comes  in  front  of  the  tuyere.  Lime 
only  decomposes  galena  under  the  oxidising  influence  of  air, 
forming  metallic  lead  and  sulphate  of  lime.  Silicate  of  lead 
only  gets  decomposed  at  a  higher  temperature ;  and  lime, 
together  with  ferruginous  slags,  assist  the  extraction  of  iron 
from  the  slags,  and  facilitate  the  desulphurising  adtion. 

Slags,  chiefly  rich  in  iron.  These  aft  mechanically  in  the 
upper  part  of  the  furnace  by  rendering  the  smelting  mass 
(chiefly  schlich)  less  compaft,  and  above  the  tuyere  they 

•  Oesterr.  Ztschr.,  1857,  No.  i.    B.  u.  h.  Ztg.,  1857,  No.  8. 
t  Oesterr.  Ztg.,  1855,  No.  5,  24;  1856,  No.  13. 
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form  easily  fusible  silicates,  the  scorified  lead  and  part  of  the 
copper  being  extracted  by  iron,  coal,  and  sulphide  of  iron  ; 
only  a  small  part  of  the  iron  contained  in  the  slags,  reduced 
by  the  contadl  with  fuel,  exerts  a  desulphurising  action; 
sparry  iron  ore  afts  in  a  similar  manner. 

As  it  increases  the  consumption  of  fuel,  the  quantity  of 
slag  added  must  not  exceed  a  certain  limit,  except  for  ores 
containing  zinc  blende,  and  when  the  schlich  is  too  compact ; 
in  such  cases  a  larger  addition  is  advisable. 

Substances  rich  in  Oxide  of  Lead  (Litharge,  Hearth 
scum,  &c.)  are  better  reduced  with  coal  in  reverberatory  fur- 
naces at  a  low  temperature,  as  they  become  reduced  in 
the  upper  part  of  the  cupola  furnace,  and  great  part  of  the 
contained  lead  volatilises.  They  must  be  used  in  large 
quantities  when  working  ores  rich  in  silver  and  very  poor  in 
lead  (Andreasberg  lead  works),  and  they  are  then  best  moulded 
into  bricks. 

3.  The  ConstruAion  of  Cupola  Furnaces. 

Cupola  furnaces  vary  in  height  according  to  the  ore  smelted ; 
ores  in  the  form  of  schlich  require  higher  furnaces  than  ores 
in  larger  fragments,  as  the  schlich  forms  very  compadl 
masses,  whilst  rich  galena  and  ores  containing  blende  may 
be  worked  in  furnaces  of  less  height ;  and  again,  on  the  other 
hand,  ores  associated  with  much  earthy  matter  require  higher 
furnaces.  The  highest  temperature  is  to  be  obtained  in 
furnaces  furnished  with  boshes.* 

The  lower  part  of  these  furnaces  (the  hearth)  is,  according 
to  what  is  required  of  it,  construdled  in  different  ways. 

a.  The  bottoms  of  some  are  furnished  with  a  kettle- 
like reservoir,  from  the  deepest  part  of  which  a  channel 
condudls  the  smelted  masses  into  one  or  more  outside 
basins ;  this  channel  may  be  closed  by  a  plug  of  clay.  This 
reservoir  is  called  a  crucible,  and  hence  these  furnaces  are 
called  crucible  furnaces.  If  they  have  also  an  aperture  in  the 
front  wall  for  removing  the  slags,  they  are  called  crucible 

•  Bergwerksfreund,  ii.,  257.  Karstbn*s  Archiv.,  2,  R.,  x.,  131.  Lampadius, 
Fortschritte,  1839,  p.  77.    Kerl's  Oberharzer  Huttenproccsse,  i86o,  p.  576. 
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furnaces  with  open  breast;  without   this    aperture,  crucible 
furnaces  with  closed  breast. 

These  furnaces  do  not  waste  heat,  and  admit  of  the 
full  reducing  readlion  of  the  gases.  The  workmen  suffer 
less  from  heat  and  have  easier  work,  the  produdlion  is  larger, 
the  adtion  of  the  blast  machine  need  not  be  arrested  when 
tapping  off,  the  slags  are  hotter,  poorer  in  metal,  and  almost 
free  from  mechanically  included  metallic  producSls,  the 
molten  produfts  are  more  completely  separated,  &c.  But,  on 
the  other  hand,  the  furnaces  have  the  following  disadvan- 
tages:—The  deposits  formed  in  the  hearth  cannot  be  removed, 
which  is  of  great  importance  to  the  length  of  the  operation  ; 
the  great  reducing  power  of  the  furnaces  facilitates  the  for- 
mation of  iron  deposits,  and  a  chemical  readlion  upon  the 
molten  masses  may  possibly  take  place  beneath  the  tuyere. 
These  furnaces  are  chiefly  used  for  ores  which  are  difficult 
to  fuse,  and  which  do  not  easily  form  deposits. 

Roasted  lead  ores  (Stolberg,  Belgium)  are  sometimes 
smelted  in  such  furnaces;  the  mixture  is  then  rendered 
easily  fusible  by  an  addition  of  iron  refinery  cinders,  but  only 
short  operations  can  be  made,  as  deposits  are  not  altogether 
to  be  avoided. 

b.  In  some  furnaces  the  reservoir  for  colledling  the  smelted 
produdls  lies  outside,  and  the  smelted  masses  flow  from  the 
sloped  bottom  of  the  furnace  through  one  or  two  apertures 
in  the  front  wall  into  crucibles.  The  produdls  either  flow 
from  above  into  the  crucibles,  when  such  furnaces  are  called 
channel  furnaces  with  open  eye,  or  they  are  condu(5ted  by 
means  of  a  covered  channel  from  the  interior  of  the  furnace 
from  below  into  the  crucible,  and  are  then  called  channel 
furnaces  with  covered  eye. 

These  furnaces  are  chiefly  advisable  for  all  smelting 
processes  in  which  certain  qualities  of  the  smelting  produ<5ls, 
such  as  great  oxidability,  make  a  quick  removal  from  the 
furnace  desirable  (reduftion  of  litharge).  The  channel 
furnaces  with  covered  eye  prevent  the  air  influencing  the 
produdls  outside  the  furnace,  which  the  furnaces  with  an  open 
eye  do  not  do.    The  construdlion  is  somewhat  complicated, 
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and  therefore  the  third  kind  of  furnace  (sump  furnace)  is 
often  preferred. 

Channel  furnaces,  like  the  crucible  furnaces  with  open 
breast,  concentrate  temperature  and  reducing  gases,  thus 
effedling  an  economy  in  fuel,  but  causing  the  formation  of 
deposits.  The  saving  of  fuel  is  balanced  by  the  loss  in  tem- 
perature caused  by  the  masses  flowing  out.  This  lowering 
of  the  temperature  renders  the  separation  of  the  molten 
masses  less  complete,  and  causes  the  formation  of  slags 
richer  in  metal,  which  require  a  re-working,  and  entail  an 
unnecessary  consumption  of  fuel. 

c.  Sump  furnaces  are  furnished  with  a  colledling  basin 
inside  and  one  outside  before  the  front  wall,  communicating 
with  each  other  by  means  of  a  channel,  and  called  the  sump; 
and  the  furnaces  are  named  sump  furnaces.  The  smelted 
metallic  masses  are  conducted  into  another  basin  by  a 
channel  which  can  be  closed  by  a  plug ;  the  slag  usually 
flows  out  from  above. 

These  are  the  furnaces  chiefly  in  use,  as  they  allow  the 
removal  of  formed  deposits,  and  therefore  admit  of  more 
lengthy  operations. 

The  loss  of  temperature  and  reducing  gases  may  be  less- 
ened by  covering  the  outside  basin  and  lowering  the  front 
wall. 

4.  Fuel. — Charcoal  and  Coke  are  chiefly  used.*  Porous 
coke  is  not  fit  for  smelting  schlich,  as  the  latter  is  apt  to 
enter  the  cavities,  and  the  complete  combustion  of  the  coke 
thus  encrusted  is  prevented. 

Coke,  in  consequence  of  its  density,  bums  slower  than 
charcoal,  and  causes  a  slower  movement  of  the  charge 
through  the  furnace;  but  as  it  is  able  to  bear  a  larger  charge, 
it  smelts  an  equal  quantity  in  about  the  same  time  as  char- 
coal ;  its  smelting  value  may  be  somewhat  higher,  as  coke 
does  not  form  so  much  carbonic  oxide.  As  coke  occasions 
a  higher  temperature,  the  galena  necessarily  gets  more 
completely  decomposed,  a  more  perfect  separation  of  the 

*  Karsten*s,  Archiv.  i  R.,  vi.,  96.  Kleinbchmxdt,  Bergbaukunde,  ii.,  103. 
FouRNBT,  Annales  des  Mines,  2  s^r.,  torn,  vii.,  453.  Kerl's  Oberharzer 
Huttenprocesse,  x86o,  p.  251. 
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produ<5ts  takes  place,  and  the  resulting  matts  and  slags  are 
poorer  in  lead  ;  but,  on  the  other  hand,  it  is  more  difficult  to 
regulate  the  nose.  As  the  coke  forms  a  more  compaft  mass 
in  the  furnace,  it  is  found  that  less  ore  dust  is  carried  away 
when  it  is  used  for  melting  ore  in  the  form  of  schlich.  This 
has  caused  an  increased  yield  of  lead. 

Lower  furnaces  are  used  when  coke  is  employed,  in  order 
to  avoid  too  high  a  temperature. 

Of  the  Raw  fuels,  Coal  only  has  been  used  in  Tamowitz,* 
for  wood  and  turf  do  not  give  good  results.! 

THE   SMELTING  PROCESS. 

It  will  be  found  when  the  process  is  normal  that  the 
charges  become  gradually  heated  in  the  upper  part  of 
the  furnace,  and  that  the  white  lead  ore,  if  it  is  present  as 
well  as  lead  produfts  (litharge,  hearth  scum),  are  partly 
reduced,  causing  a  volatilisation  of  lead ;  at  the  same  time 
volatilised  sulphide  of  lead  escapes  from  the  lower  parts  of 
the  furnace ;  if  higher  sulphides  are  present  they  lose  part  of 
their  sulphur,  and  sulphuretted  hydrogen  gas  may  be  formed 
by  the  reaction  of  the  steam.  The  greater  the  amount  of 
lead  reduced  and  volatilised,  the  more  porous  will  be  the 
oxidised  substances.  At  a  certain  height  above  the  tuyere, 
when  the  masses  have  become  pasty,  the  sulphide  of  lead 
becomes  decomposed  by  contadl  with  the  iron,  and  metallic 
lead  and  sulphide  of  iron,  the  latter  in  combination  with 
some  sulphide  of  lead,  drop  on  to  the  hearth ;  hence  part 
of  the  lead  is  oxidised  and  volatilised  when  passing  the 
tuyere.  If  the  charges  pass  too  quickly,  the  iron  comes  less 
in  contadl  with  the  sulphide  of  lead ;  the  iron  should  have 
disappeared  altogether  in  the  zone  of  the  tuyere,  as  its  re- 
action in  the  hearth  cannot  be  relied  on.  Only  at  a 
higher  temperature  and  very  little  above  the  tuyere  the  fer- 
ruginous slags  begin  to  combine  vnth  the  earthy  substances, 
and  part  of  the  oxidised  iron  becomes  reduced  by  contadl 
with  the  fuel,  the  separated  iron  having  a  desulphurising 

*  Karsten*s  Arch.,  i  R.,  viii.,  103. 

f  Kerl,  Oberharzer  Htittenproce88e,i86o,  p.  238,  241.  B.  u.  h.  Ztg.,  i860, 
p.  102. 
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aftion ;  but  this  readlion  is  only  secondary,  as  the  quantity  of 
slag  is  comparatively  small.  Also,  little  decomposition  of 
sulphide  of  lead  takes  place  by  the  diredt  reaction  of  the 
oxidised  iron,  as  this  is  mostly  combined  with  silica.  Most  of 
the  metallic  lead  is  extradled  from  the  silicate  of  lead  by 
metallic  iron.  In  the  case  of  a  surplus  of  iron,  most  of  the 
copper  would  be  extrafted ;  but  when  this  is  not  the  case,  the 
copper,  both  that  which  is  reduced  from  the  oxide  and  that 
which  has  combined  with  silica,  will  enter  the  matt.  Sulphides 
of  iron  and  zinc  are  very  eflfedlive  in  the  decomposition  of 
cupriferous  silicate  of  lead,  as  they  form  metallic  lead  and 
sulphide  of  lead  and  copper.  In  this  way  may  be  produced 
a  lead  nearly  free  from  copper,  slags  poor  in  copper  and  lead, 
and  a  matt  which  contains  the  greatest  part  of  the  copper. 

Most  of  the  lead  and  matt  which  are  mechanically  mixed 
with  the  slags,  will  be  deposited,  and  when  they  are  liquid 
flow  slowly  from  the  furnace  ;  the  smelted  masses  separate 
according  to  their  specific  gravities. 

The  following  appearances  will  indicate  the  process : — 

When  the  raw  lead  has  a  dull  surface  and  is  pasty,  it  is  an 
indication  that  it  contains  a  certain  amount  of  sub-sulphide 
of  lead,  the  result  of  too  sparing  an  addition  of  iron. 

The  quality  and  behaviour  of  the  matt  are  treated  of  on 
page  85. 

The  chief  characSleristic  is  the  nature  of  the  slags;  whether 
they  approach  in  composition  a  bi-silicate,  what  degree  of 
fusibility  they  possess,  whether  they  are  pasty  in  conse- 
quence of  the  presence  of  oxysulphide,  &c. 

The  arrangement  of  the  nose  must  also  be  taken  into  con- 
sideration. 

It  should  be  here  stated  that  the  charging  of  the  ore 
mixture  is  conduced  on  the  back  wall,  where  the  tuyere  is, 
and  the  charging  of  the  fuel  on  the  front  wall ;  as  the  charges 
sink  towards  the  tuyere,  fuel  and  ore  become  more  and  more 
blended.  This  mode  of  charging  is  adopted  for  ores  which 
are  easily  rendered  fusible  and  which  do  not  require  a  very 
powerful  redudlion,  and  when  certain  components  of  the  ore 
are  required  in  the  oxidised  state  and  to  become  scorified. 
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Smelting  with  a  nose  is  mostly  connedled  with  this 
manner  of  charging;  the  nose  is  a  prolongation  of  the  tuyere, 
and  is  formed  into  the  shape  of  a  tube  by  the  cooling  of  the 
mixture  or  slags.  A  certain  quantity  of  slags  {nose  slags) 
is  charged  at  the  beginning  of  the  process  to  form  the  com- 
mencement of  the  nose,  and  it  may  then  be  made  any  length, 
by  charging  more  or  less  ore-mixture  upon  the  charge  of 
fuel,  which  is  kept  constant,  but  it  does  not  usually  ex- 
ceed 18  or  20  inches.  The  formation  of  the  nose  may  be 
facilitated  by  putting  iron  covered  with  moist  loam  into  the 
furnace  through  the  tuyere ;  the  slags  will  adhere  to  it  and 
become  cool ;  the  nose  may  be  turned  in  any  direction  by 
means  of  this  iron,  and  elongated  as  much  as  may  be  desired. 

This  construdtion  of  the  nose  has  the  following  advan- 
tages:— 

It  preserves  the  tuyere,  which  is  usually  made  of  bronze, 
from  an  early  destrudtion  by  heat  and  from  the  influence  of 
such  components  as  sulphur ;  it  also  prevents  a  forcible  pro- 
trusion of  the  glowing  mass  from  the  tuyere ;  it  transfers 
the  smelting  point  from  the  back  wall  into  the  interior  of 
the  furnace,  thus  again  saving  the  tuyere  from  burning,  and 
it  renders  it  possible  to  fix  the  smelting  focus  in  any  part  of 
the  furnace;  as  it  is  pierced  in  front  it  divides  the  blast 
equally  in  the  furnace,  thus  facilitating  a  uniform  smelting  of 
the  mixture,  which  glides  gradually  from  the  inclined  plane. 
As  the  blast  is  divided  by  the  pierced  nose,  the  fine  particles 
of  ore  are  less  easily  carried  away;  the  process  in  the 
furnace  depends  chiefly  on  the  length  and  the  clearness  of 
the  nose;  when  clear  and  short  it  indicates  a  higher  tem- 
perature than  when  long  and  dark.  Various  unsuccessful 
attempts  have  been  made  to  overcome  the  disadvantages  of 
the  nose ;  such  as  to  smelt  in  furnaces  with  boshes*  with 
clear  noses ;  and  though  regular  smelting  is  obtained  by 
dividing  the  blast  in  several  tuyeres,  yet  they  are  left  un- 
protected from  the  noxious  influence  of  the  sulphides. 

*  Karstbn's  Archiv.,  2  R.  x.,  131 ;  Bergwerkflfrennd,  si.,  257 ;  Kerl,  Ober- 
harzer  Huttenprocesse,  x86o,  p.  576. 
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Too  great  heat  at  the  mouth  of  the  furnace  should  be 
avoided,  as  flame  would  cause  a  volatilisation  of  metal ; 
attention  must  be  paid  to  the  regular  passing  of  the  charges, 
and  to  the  temperature  on  the  front  wall,  as  much  increase 
shows  that  the  nose  is  too  long,  &c. 

And,  lastly,  the  nature  of  the  hearth  is  to  be  considered, 
namely,  to  what  extent  it  is  free  from  deposits,  whether  the 
blast  is  passing  out  of  the  fore-hearth,  whether  the  tap-hole 
is  hard,  &c. 

The  following  are  the  remedies  for  improving  an  irregular 
process : — Increasing  or  decreasing  the  charge  of  mixture 
whilst  the  charge  of  fuel  is  kept  constant,  this  serves  to 
raise  or  lower  the  temperature ;  an  addition  of  acid  or  basic 
slags  according  to  the  fusibility  of  the  slags ;  an  increase  of 
the  quantity  of  slags  when  the  mixture  is  difficult  to  fuse ; 
clearing  the  hearth ;  regulating  the  nose  and  the  blast,  &c. 

The  ProduAs  of  the  Precipitation  Process  are  as 
follows : — 

1.  Lead. — If  it  contains  more  than  0*031  per  cent  of  silver, 
it  is  treated  by  Pattinson's  process,  which  extracts  the  silver, 
and  at  the  same  time  renders  the  lead  very  pure. 

2.  Lead  matt,  containing  about  30  per  cent  of  lead, 
o'094  per  cent  silver,  and  more  or  less  copper.  According  to 
the  metal  it  contains  it  is  either  thrown  aside  (Tarnowitz) ; 
roasted  for  the  production  of  mixed  vitriols,  (Victorfried- 
richshtitte) ;  used  for  the  produdlion  of  cement  copper 
(Siberia)  ;*  on  account  of  its  iron,  it  is  used  as  an  addition 
when  smelting  ores  and  residues  (Sala,  Tarnowitz) ;  or  when 
it  contains  a  large  amount  of  valuable  metals  it  is  worked 
again  by  itself  (Upper  Hartz).  This  last  working  consists 
in  repeatedly  roasting  the  matt,  and  in  treating  it  by  a 
precipitating  and  purifying  smelting  process  in  a  low  cupola 
furnace  (Krummofen),  with  an  addition  of  iron  and  acid  slags. 
The  oxide  of  lead  which  has  been  formed  by  roasting  be- 
comes reduced;  when  a  suitable  temperature  is  used  the 
oxidised  iron  of  the  roasted  matt  is  combined  with  the 
slags  from  the  ore  smelting,  forming  a  basic  slag  (matt  slag) ; 

•  B.  u.  h.  Ztg.  1852.  p.  503. 
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the  sulphide  of  lead,  which  is  not  decomposed  by  the 
roasting  process,  or  has  been  produced  by  redu(5tion  of 
sulphate  of  lead,  is  decomposed  by  the  metallic  iron  which 
was  either  added  to  or  reduced  from  the  oxide  of  the  charge; 
and  a  new  matt  is  formed  into  which  all  the  copper  present 
concentrates.  If  this  smelting  process  is  carried  on  in 
higher  furnaces,  too  much  iron  becomes  reduced ;  this  forms 
iron  deposits  on  the  hearth,  and  partly  causes  the  copper 
to  coUedl  in  the  raw  lead,  whilst  the  resulting  slags  are  poor 
in  lead ;  too  great  an  addition  of  metallic  iron  produces  a 
similar  reaftion.  The  addition  of  iron  is  so  regulated  that  the 
greater  part  of  the  copper  enters  into  the  matt,  and  only 
a  small  part  collects  in  the  raw  lead ;  the  resulting  slags  are 
somewhat  richer  (Upper  Hartz).  The  same  roasting  and 
smelting  processes  are  then  repeated  with  the  matt  2  or  3 
times,  till  a  raw  lead  rich  in  copper  results,  and  until  the 
copper  becomes  more  and  more  concentrated  in  the  matt ; 
antimony  arsenic,  zinc,  sulphur,  &c.,  are  volatilised  in  these 
processes.  If  the  matt  contains  more  silver,  it  is  best  to  make 
no  addition  of  iron  to  the  first  matt  smelting,  or  better  still 
to  none,  or  the  resulting  copper  matt  becomes  too  rich  in 
silver;  when  this  is  the  case  the  silver  must,  by  different  pro- 
cesses, be  extrafted  from  the  matt  or  from  the  raw  copper 
produced  from  it  (Upper  Hartz).  If  the  copper  matt  contains 
enough  antimony  and  arsenic  to  injure  the  quality  of  the 
copper,  it  is  smelted  in  a  blast  reverberatory  -  furnace 
(Andreasberg) ;  lead  matts  rich  in  silver  and  lead  may  be 
separated  from  the  greater  part  of  their  lead  and  silver  by 
suitable  fluxes  before  roasting,  thus  avoiding  a  great  loss 
of  copper. 

The  chemical  changes  in  working  matt  and  in  the  roasting 
precipitation  process  of  the  ore,  resemble  each  other  very 
closely. 

3.  Speiss. — ^Arseniates  and  antimoniates  are  seldom  formed 
in  this  process. 

4.  Ore  or  Schlich  Slags. 

5.  Smoke  and  Fume,  Scum,  &c.  These  are  either  added 
to  the  mixture  when  smelting  ores  and  matt,  or  are  worked 
alone. 

H 
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Illustrations  of  the  Precipitation  Process. 

In  the  Upper  Hartz,*  atClausthal,  Altenau,  Lautenthal^t 
and  Andreasberg,  dressed  galena  containing  silverj  in  the 
form  of  schlich^  and  from  40  to  70  lbs.  of  lead  and  0*05  to 
o*33  lb.  of  silver  per  cwt.,  is  chiefly  worked.  These  ores 
contain  earthy  minerals  in  large  quantities  (calc  spar, 
quartz^  baryta,  clay,  &c.),  and  less,  but  still  enough  to  be 
influential,  of  metallic  minerals  (copper  and  iron  pyrites, 
zinc  blende,  boumonite,  &c.).  At  Andreasberg  the  galena 
is  worked  together  with  real  silver  ores  (red  silver  ore,  &c.). 
The  processes  at  Clau'sthal  and  Altenau  are  very  similar. 
At  Lautenthal  there  are  some  modifications,  as  the  ores 
worked  there  contain  zinc  blende,  and  the  difference  in  the 
process  at  Andreasberg  is  caused  by  the  silver  ores. 

The  schlich  are  so  mixed  that  those  principally  containing 
sparry  iron  ore  as  their  associated  minerals  are  worked 
together  with  those  having  difiicultly  fusible  matrices. 
They  are  mixed  in  such  a  proportion  that  the  average  yield 
in  Clausthal  and  Altenau  amounts  to  from  54  to  56  lbs.  of 
lead  and  0*1  lb.  of  silver  per  cwt.,  and  in  Lautenthal  from 
62  to  64  lbs  of  lead  and  from  0*09  to  o'l  lb.  of  silver.  The 
schlich  is  smelted  with  an  addition  of  iron,  schlich  slags, 
matt  slags,  and  plumbiferous  products. 

The  iron  II  is  used  in  the  form  of  grains,  scraps,  and 
turnings. 

Basic  lead  matt  slags  absorb  silica,  and  prevent  lead  from 

*  Annales  des  Mines,  i  s^r.,  vii.,  159.  Bergmfinnisches  Journal,  1790,  8. 
8tck,  p.  97.  Lampadxus,  Hiittenkunde,  ii.,  Thl.  a  Bd.,  p.  7,  u.  229.  Suppl.  i., 
31,  ii.,  192.  ZxMMERMANN*s  HaTzgebifge,  i.,  481,  ii.,  432.  Jars,  metallurg., 
Reise,  iii.,  514.  Heron  db  Villbfosse,  Mineralreichthum  nach  Hartmann 
Bd.  iii.,  4  Abthl.,  Cap.,  2.  Karstbn*s  Metallurgie,  v.,  162.  Wbhrlb's 
Hiittenkunde,  ii.,  246.  Hartmann,  Repertor,  der  Bergbau  und  Huttenkunde, 
1840,  ii.,  265.  RussBRGER*s  Reiseu,  iv.,  688.  Kbrl,  Oberharzer  Hiltten- 
processe,  z86o,  2  Aufl.  Kbrl,  Der  Oberharz,  1852,  p.  40.  Geschichtliches : 
B.  u.  h.  Ztg.,  1859,  No.  2. 

f  RivoT,  Metallurgie  du  Plomb  et  de  PArgent,  p.  450 

X  Kbrl,  Oberharzer  Hflttenprocesse,  z86o,  p.  x6.  Cotta,  Eczlagerstatten 
ii.  90.    V.  Dbchbn,  Statistic  des  zollv.  and  n5rdlichen  DiutchL^i.,  756. 

II  NoLTB,  Uber  die  GrSsse  des  Eisenzuschlages :  Berg  und  hiittenmiinnische 
Zeitung,  i860,  p  165.  Karsten's  Archiv.,  2  R.,  x.,  13 1.  Kbrl,  Oberharzer 
Hiittenprocesse,  i860,  p.  362.  Zimmermanm,  Harzgebirge,  i.>  450.  Berg- 
werksfreund,  is.,  265. 
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scorifying ;  they  also  render  the  process  in  the  furnaces  hotter, 
and  cause  a  quicker  smelting,  but  not  an  invariably  better 
yield.  Acid  schlich  slags  have  a  contrary  effeft  upon  the  pro- 
cess ;  otherwise  the  slags  serve  to  prevent  any  movement  of 
the  schlich,  and  to  prote(5l  the  molten  metallic  produdls  from 
oxidation  and  volatilisation.  The  blende  in  the  ore  at 
Lautenthal,  and  the  gangue  in  the  silver  ores  at  Andreasberg, 
necessitate  a  greater  addition  of  basic  slags. 

The  fluxes,  consisting  chiefly  of  oxide  of  lead,  are  added 
to  the  mixture  partly  to  extraA  the  metal  contained  in 
them,  and  partly  to  assist  the  extra(5lion  of  the  silver  from  the 
ore  (Andreasberg).  In  these  last  works  the  fluxes  are  given 
in  such  quantity  that  in  poor  mixtures  o*oi  lb.  of  silver  is 
contained  in  every  4  to  5  lbs.  of  lead,  and  in  rich  mixtures 
o'oi  lb.  of  silver  in  every  2  to  3  lbs.  of  lead. 

The  following  table  will  show  the  composition  and  yield 
of  a  mixture  containing  36  cwts.  of  mixed  schlich : — 

At  the  smelting  works  of  Clausthal — 

Mixture. 

36  cwts.  schlich  with  o'lo  p.  c.  of  silver  and  54  to  56  p.c. 

of  lead. 
6  cwts.  fluxes  with  o*oo8  to  0*0175  p.  c.  of  silver  and 

57  to  80  p.  c.  of  lead. 
12  cwts.  schlich  slags  with  o*oo8  p.  c.  of  silver  and  3  p.  c. 

of  lead. 
34  cwts.  matt  slags  with  o'oo6  p.  c.  of  silver  and  i'5  p.c. 

of  lead. 

ga  cwts.,  containing  3*6  to  37  lbs.  of  silver  and  27  cwts. 
of  lead. 

Yield. 

19  to  20  cwts.  of  raw  lead  with  0'i3  to  o*i6  p.  c.  of  silver. 

16  cwts.  of  matt  with  0*07  p.  c.  of  silver  and  29  p.  c.  of  lead. 

48  cwts.  of  slags  with  o'oo8  p.  c.  of  silver  and  3  p.  c.  of  lead. 

3  cwts.  of  fume  with  0*05  p.  c.  of  silver,  and  45  p.  c.  of 

lead. 
210  cubic  feet  of  charcoal = 147  cwts. 
10  hours'  time  for  smelting. 
£3  cost  for  smelting.    Operations  of  8  to  10  weeks. 

H  2 
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At  the  smelting  works  in  Altenau — 

Mixture. 
36    cwts.  of  schlich. 
2         ,f       granulated  cast  iron, 
bore  chips, 
scum, 
fluxes, 
matt  slags, 
schlich  slags. 


2 

I 

I* 
22 

17* 


The  amoant  of 

metal  in  the  mixture 

-is   nearly  the  same 

as  in   the  Clausthal 

smelting  works. 


82    cwts. 

Yield. 
17  cwts.  of  raw  lead. 
15  to  16  cwts.  of  matt. 
I  to    2       „       smoke. 
24  to  25       ,9      charcoal. 

10  to  II  hours'  time.    Operations  of  10  to  14  weeks. 
At  the  smelting  works  in  Lautenthal — 
Mixture. 
36     cwts.   of  schlich  with  0*09624  p.  c.   of  silver  and 

6o*55  p.  c.  of  lead. 
2*43  cwts.  of  hearth  with  0*0125  p.  c.  of  silver  and  68 

p.  c.  of  lead. 
i'22  cwts.  of  fluxes  with  o'oi  p.  c.  of  silver  and  88  p.c. 

of  lead. 
o'6i  cwts.  of  scum  with  0*0025  P*  c.  of  silver  and  82  p.  c. 

of  lead. 
25*98  cwts.  of  schlich  slags  with  0*0009  P-  c.  of  silver  and 

5  p.  c.  of  lead. 
32*79  cwts.  of  matt  slags  with  0*0009  p.  c.  of  silver  and 
4*5  p.  c.  of  lead. 
4*50  cwts.  of  iron. 


103*53  cwts.,  containing  3*562  lbs.  silver  and  27*73  lbs.  lead. 

Yield. 
i5'45  cwts.  of  raw  lead  with  0*13  per  cent  of  silver. 
17*15  cwts.  of  lead  matt  with  0*07  p.  c.  of  silver  and  41 

lbs.  of  lead. 
46*32  cwts.  of  pure  slags  with  0*0049  P-  c-  ^f  silver  and 

5  lbs.  lead. 
14*086  cwts.  of  impure  slags  with  0*0037  p.  c.  of  silver 

and  5*6  lbs.  of  lead. 
0*922  cwts.  of  soot  with  0*062  p.  c.  of  silver  and  50  lbs. 

of  lead. 
Requiring  200  to  210  cubic  feet  of  charcoal. 
12  hours'  time  for  smelting*    Operations  of  4  to  5  weeks. 


"\ 
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The  consumption  of  charcoal  amounts  to  about  380  cubic 
feet.  In  the  smelting  works  of  the  Upper  Hartz  charcoal 
only  was  formerly  used,  but  coke  is  now  almost  exclusively 
employed,  and  with  good  results.  The  process  is  more 
uniformly  carried  on,  on  account  of  the  higher  temperature 
on  the  hearth  given  by  the  coke  ;  the  gases  escaping  from 
the  furnace  are  also  cooler,  as  less  combustion  takes  place 
in  the  upper  parts  of  the  furnace.  At  Lautenthal,  where 
ores  associated  with  blende  are  worked,  a  greater  formation 
of  fume  in  the  upper  part  of  the  furnaces  was  observed. 

The  furnaces  in  use  are  represented  by  Figs.  32,  33,  34, 
35»  and  36. 

Fig.  32.  Fio.  37. 
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a  is  the  mantle ;  b,  the  back  wall ;  c,  counters ;  d,  front 
wall ;  e,  opening  of  the  front  wall ;  /,  breast ;  g^  an  opening 
for  removing  soot,  &c. ;  A,  an  opening  showing  the  flame  of 
Fig.  33.  Fig,  38. 


the  furnace,  so  that  if  anything  escapes  from  the  furnace 
mouth,  it  may  be  observed  by  the  smelter  working  before  the 
hearth  of  the  furnace ;  f ,  tuyere  arch ;  A,  opening  for  the 
tuyere  ;  m,  chimney  hood ;  n,  channel  leading  to  the  smoke 
chambers ;  ^,  mouth  of  the  furnace ;  q,  platform  for  charging 
the  furnace ;  r,  smoke  chambers  or  boxes ;  5,  openings  for 
removing  the  smoke ;  t,  foundation ;  u,  sole  stone ;  y,  is 
formed  out  of  loam ;  z,  bottom  composed  of  a  mixture  of 
coke-dust  and  fire-clay. 
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Figs.  37,  38,  39,  40,  and  41  represent  the  furnaces  used  at 
the  Upper  Hartz  for  reducing  litharge^  and  will  be  referred 
to  when  that  process  is  treated  of. 

A  porous  nose  about  I2  or  18  inches  long  is  used  in  the 
precipitation  process.  One  charge  consists  of  2  or  3,  or  alter- 
nately 2  and  3  troughs  of  mixture  60  lbs.  and  coal  25  lbs. ; 
the  himaces  at  Lautenthal  are  made  somewhat  wider  on 
account  of  the  blende  with  the  ores. 

The  following  are  the  smelting  produdls  : — 

I.  Raw  Lead. — This  is  either  treated  by  Pattinson's  pro- 
cess for  the  produ<5tion  of  a  very  pure  lead  (Altenau),  or 
diredlly  cupelled  for  extracting  the  silver. 

Fig.  34.  Fig.  39. 


!.'.  f  f  f  f 2_ 
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Fig.  35. 


Fig.  40. 


Fig.  36. 


Fig.  41. 


The  raw  lead  from  the  Upper  Hartz  contains,  according 
to  analyses  by  Jordan,  from  95*97  to  99*00  per  cent  of  lead, 
0*40  to  076  per  cent  of  copper,  0*28  to  2*96  per  cent  of  iron, 
0*20  to  3*46  per  cent  of  antimony,  and  0*11  to  0'i8  per  cent 
of  silver.  Such  lead  from  Pontgibaud  contained  91*1  per 
cent  of  lead,  0*7  per  cent  of  copper,  6*7  per  cent  of  arsenic, 
and  1*0  per  cent  of  sulphur. 

2.  Lead  matt. — The  following  analyses  have  been  made 
of  different  lead  matts  from  the  upper  Hartz. 

A  matt  from  Clausthal  contained  73*346  per  cent  of  lead, 
9*814  per  cent  of  iron,  0*396  per  cent  of  copper  0*198  per 
cent  of  tin,  0*397  per  cent  of  antimony,  o'ii6  per  cent  of 
silver,  15*338  per  cent  of  sulphur,  and  a  trace  of  carbon.  A 
matt  from  Lautenthal  contained  59*33  per  cent  of  lead, 
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19*60  per  cent  of  iron,  I'lo  per  cent  of  copper,  o'i7  per  cent 
of  tin,  o'i3  per  cent  of  antimony,  and  18*92  per  cent  of  sul- 
phur. A  matt  from  Andreasberg  contained  35*68  per  cent 
of  lead,  31*55  per  cent  of  iron,  3*79  per  cent  of  copper,  1*49 
per  cent  of  antimony,  23*97  per  cent  of  sulphur,  0*25  per 
cent  of  manganese,  and  1*07  per  cent  of  arsenic. 

For  the  composition  of  these  matts  different  formulae  have 
been  suggested.* 

Lead  matt  is  roasted  under  cover,  in  heaps  about  24  feet  long, 
16  feet  broad,  and  5  to  6  feet  high,  put  upon  a  thick  layer 
of  pine  wood  laid  down  for  the  foundation,  for  about  3  or  4 
weeks.  The  matt  has  to  be  broken  into  pieces  of  about  the 
size  of  the  fist  for  this  purpose.  After  this  first  roasting  it 
is  put  into  a  second  fire  for  two  weeks,  then  into  a  third  for 
8  or  10  days,  and  in  two  more  for  shorter  periods,  till  the 
matt  has  been  sufficiently  freed  from  sulphur.  5  tons  of 
matt  require  for  the  different  roastings  about  120  cubic  feet 
of  pine  wood  =  75  cubic  feet  solid  wood  =  1,912  lbs. 

The  roasting  mass  is  then  mixed  with  schlich  slags,  matt 
slags,  produ(5ls  containing  lead  and  iron  (Clausthal)  or  lime 
(Altenau) ;  at  Lautenthal  no  iron  is  added  to  the  first  smelt- 
ing of  the  roasted  matt,  but  to  the  following  smeltings 
instead ;  at  Andreasberg  no  iron  is  added. 

The  reducing  and  purifying  smelting  is  intended  to  reduce 
the  oxide  of  lead  contained  in  the  roasting  mass,  and  to 
decompose  sulphate  and  sulphide  of  lead  by  the  iron  which 
has  either  been  added,  or  extradled  from  the  matt  slags  by 
the  reaftion  of  the  lime,  aided  by  the  fuel.  The  foreign 
oxides,  chiefly  oxide  of  iron,  become  scorified  by  the  acid  ore 
slags ;  the  metal  must  also  be  extradled  from  the  furnace 
produdls  containing  lead. 

The  mixture  for  i  charge  of  matt  at  the  first  smelting  is 
composed  as  follows : — 

*  PoooEND.,  liv.,  271.  Hausmann,  Beitrage  zur  metallurgischen  Krystall- 
kunde,  1850,  p.  10, 12.  Leonhardt,  Htittenerzeugnisse,  p.  383, 340.  Gurlt, 
pyrog.  min.,  p.  22,  37.  Rammelsbbro,  Mineralogie,  p.  177.  Pogoend. 
Annalen,  1858,  No.  3,  p.  526.  Jahrbuch  des  Vereins  fur  Naturkunde  in 
Nassau,  1851,  p.  133.  B.  u.  h.  Ztg.,  i860,  p.  52.  £rdmann*s  Journal  fUr 
practiBche  Chemie,  1859,  hft.  i.    Polytech.  Centr.,  1858,  p.  1161. 
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Clansthal.        Altenan.  Lautenthal.  Andreasberg. 

Matt                                cwts.  34  34  34  33 

Iron                                     „  I  —  —  — 

Lime                                  „  —  3  —  — 

Impure  ore  slags               „  34  23  28  37-38 

Hearth                               „  6  32  — 

Matt  and  hearth  remnants  „  2-3  z  —  — 
Lead  scum  and  slags  from 

the  litharge  melting       „  —  2  —  — 

Dross                                „                  —  —            4  ;"^ 

Time  for  smelting               hours         10  9*8         7  24 

Consumption  of  charcoal   cubic  feet  15  10            gk  — 

Do.           coke          cwts.           8  78  — 

Quantity  of  blast  p.  min.  cubic  feet     260-290  —         230-250  159 

Length  of  one  campaign      weeks         3-4  5-6            3-4  — 

The  produfts  are — 

Raw  lead                             cwts.  11  "6  9*5  13  — 

Matt  „  Z2-6  9*8  10  — 

Slags  „  54  —  40i  — 

Fume  „  0*1  —  0*23  — 

Low  cupola  furnaces  (Krummofen)  are  used  for  smelting 
the  matt ;  those  at  Clausthal  are  8  feet  7  inches  high,  those 
at  Lautenthal  are  nearly  2  feet  higher,  and  at  Andreasberg 
they  are  only  5  feet  high. 

The  resulting  raw  lead  is  treated  by  the  cupelling  process; 
the  matt  is  again  melted  two  or  three  times,  being  each 
time  previously  roasted.  At  the  third  or  fourth  smelting  a 
copper  matt  is  obtained,  containing  20  to  36  per  cent  of 
copper  and  o'o6  to  o'l  lb.  of  silver.  This  is  then  worked  by 
a  separate  process  (Kratz  copper  process)  for  the  extraction 
of  its  metals. 

The  resulting  matt  slags  are  more  basic  than  the  ore  slags. 
The  following  analyses  will  show  their  composition : — 


Proportion  of 

Oxygen 

between  Si03 

SiOj.   CaO.  AI2O3.  PbO.    FeO.  CU2O.  MnO.  KO.  MgO.  S.     and  bases. 

I.     32-34    2*07    5-06    lo-oi    43-90    0-05    I-20    0*05    —    —    i6-8o    13.89 

2-     33*58    3'57    4*46      6*19    44*44     —     trace  0*05    —    —    2309    ii-ia 

3«     3979    **'*    trace    9-17    46*44     —        —      —      — trace  20*68    ii'57 

3*  Lead  Fume. — ^An  analysis  of  this  is  given  on  page  24. 
From  the  schlich  smelting  at  Clausthal  and  Altenau  7  or  8 
per  cent  of  smoke  result,  at  Lautenthal  10  or  11  per  cent,  and 
at  Andreasberg  0*8  to  i  per  cent.  This  smoke  is  smelted 
together  with  dressed  scum  containing  o'lo  to  0*03  lb.  of 
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silver  and  from  35  to  40  per  cent  of  lead,  in  schlich  fur- 
naces, when  combined  in  the  following  way  : — 

At  Clausthal,  36  cwts.  of  smoke,  9  cwts.  of  scum,  la  cwts. 
of  roasted  matt  of  the  smoke  smelting,  3  cwts.  of  iron,  5 
cwts.  of  plumbiferous  fluxes,  45  cwts.  of  schlich  slags,  and  6 
cwts.  of  hard  lead  slags ;  at  Altenau,  54  cwts.  of  smoke,  18 
cwts.  of  scum,  13  cwts.  of  roasted  matt  of  the  smoke  smelt- 
ing, 4  cwts.  of  iron,  3  cwts.  of  plumbiferous  fluxes,  28  cwts.  of 
schlich  slags,  and  20  cwts.  of  matt  slags ;  at  Lautenthal, 
30  cwts.  of  smoke,  6  cwts.  of  scum,  2  cwts.  of  iron,  6  cwts. 
of  plumbiferous  fluxes,  26  cwts.  of  schlich  slags,  and  29  cwts. 
of  matt  slags ;  at  Andreasberg,  36  cwts.  of  smoke  and  scum, 
2  cwts.  of  iron,  12  cwts.  of  plumbiferous  products,  and  73 
cwts.  of  matt  slags. 

The  consumption  of  coal  at  Clausthal  amounts  to  230 
cubic  feet ;  at  Altenau,  to  350  cubic  feet,  and  Lautenthal  to 
186  cubic  feet,  and  at  Andreasberg  to  250  cubic  feet ;  and 
the  yield  of  raw  lead  at  Clausthal  to  from  16  to  20  cwts.,  at 
Altenau  to  18  cwts.,  and  at  Lautenthal  to  from  11  to  12 
cwts. ;  and  that  of  matt  at  Clausthal  to  from  15  to  19  cwts., 
at  Altenau  to  from  18  to  19  cwts.,  and  at  Lautenthal  to  from 
12  to  13  cwts. 

II  per  cent  of  the  lead  fume  escape  reduftion  by  being 
again  volatilised  during  the  smelting. 

4.  Plumbiferous  Deposits  are  usually  roasted  and  smelted 
at  the  end  of  the  schlich  operation,  mixed  with  iron  slags. 

According  to  Metzger*  the  deposit  from  the  furnaces  at  the 
Upper  HarU  consists  of— 

PbS        FeS        ZnS        SbSa        AgS 
95*5         3*2       trsice         2'5        trace. 

5.  Speiss  is  sometimes  produced  in  smaller  quantity,  as  at 
Andreasberg. 

6.  Furnace  Ends  are  dressed  and  worked  together  with 
smoke  or  by  themselves. 

7.  Schlich  Slags  are  worked  up  again  or  used  for  the  con- 
stru(5lion  of  cupola  furnaces,  and  sometimes  even  formed 
into  bricks  and  employed  for  building  purposes. 

*  B.  u.  h.  Ztg.,  Z853,  p.  238. 
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The  loss  of  lead  at  Clausthal,  Altenau,  and  Lautenthal, 
amounts  to  14  or  16  per  cent;  from  2  to  6  per  cent  of  this  loss 
is  occasioned  by  the  schlich  roasting  and  matt  smelting 
processes,  8  or  10  per  cent  by  the  cupelling  process,  and  about 
2  per  cent  by  the  process  for  reducing  the  litharge.  The 
yield  of  silver  is  higher  than  the  result  of  the  assay  by  i  or  2 
per  cent.  At  Andreasberg,  on  account  of  the  large  amount 
of  antimony  and  arsenic  in  the  ore,  the  loss  of  lead  sometimes 
amounts  to  60  per  cent,  and  the  loss  of  silver  to  i  per  cent. 

The  produdlion  of  the  smelting  works  at  the  Upper  Hartz 
amounted  in  the  year  1859-60  to  22,035^  lbs.  of  silver,  435 
tons  of  lead,  297  tons  of  litharge,  and  68  tons  of  copper, 
of  a  total  value  of  £'193,000. 

The  lead  produced  varies  in  quality. 

At  Viftor-Friedrichshtttte,  near  Harzgerode  (Lower 
Hartz),  the  smelting  process  differs  in  the  following  points 
from  that  used  on  the  Upper  Hartz  : — ^The  galena  is  worked 
in  two  forms,  as  schlich,  and  in  fragments  whose  cubic  side 
measurement  is  |  to  i^  inches.  These  two  kinds  are  mixed 
together ;  the  fuel  employed  is  a  mixture  of  coke  and  char- 
coal, and  as  the  ore  mixture  contains  a  small  amount  of  metal, 
it  possesses  a  basic  nature.  The  galena  contains  from  32  to 
34  lbs.  lead,  and,  on  an  average,  0*056  lbs.  of  silver  per  cwt. 
It  is  associated  partly  with  spany  iron  ore,  partly  with 
blende,  quartz,  and  clay-slate,  and  partly  with  fallow  silver 
ore,  and  with  copper  pyrites,  which  contains  in  5  tons  from 
12  to  16  cwts.  of  lead,  and  8  to  ii'5  lbs.  of  silver. 

Sump  furnaces  are  used  for  smelting,  and  in  24  hours  from 
4  to  5  tons  of  ore  are  smelted. 
The  yield  from  5  tons  of  ore  is — 

20  to  23  cwts.  of  raw  lead,  containing  o'i47  lbs.  of  silver  ; 
32  to  34  cwts.  of  lead  matt,  containing  27  to  30  lbs.  of  lead, 
and  0*058  to  o'o66  lbs.  of  silver ;  8^^  cwts.  pure  slags,  with  4 
to  6  lbs.  of  lead,  and  0*002  lb.  of  silver ;  smoke,  i  per  cent. 

The  lead  matt  is  worked  up  as  in  the  Upper  Hartz.  The 
annual  produftion  amounts  to  about  1,135  lbs.  of  silver, 
310  tons  of  litharge,  and  from  35  to  45  tons  of  vitriol. 
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At  Friedrichshiitte,*  near  Tamowitz,  in  Upper  Silesia,  the 
galenat  is  found  partly  in  compacJl  layers  alternating  with 
and  disseminated  through  dolomite,  and  partly  in  iron- 
ochre,  in  lumps  or  grains.  It  is  also  associated  with  iron 
pyrites,  calamine,  and  brown  iron  ore,  and  is  poor  in  silven 
The  lead  ores  from  the  calamine  mines  are  richer,  and  con- 
tain from  o'o6  to  ci  per  cent  of  silver. 

Smelting  Ores  in  Fragments  (Knorper). — This  was  for- 
merly done  in  low  cupola  furnaces  (Krummofen)  3^  feet 
high,  but  since  1848  channel  furnaces  with  closed  eye  16)^ 
feet  high  have  been  in  vogue.  The  higher  furnaces 
have  enabled  the  smelting  process  to  be  better  and  more 
regularly  carried  on,  and  have  caused  a  greater  yield  of 
metal ;  they  also  occasion  less  loss  of  lead  by  volatilisation, 
and  produce  poorer  slags.  On  the  other  hand,  the  con- 
sumption of  fuel  and  fluxes  for  the  process  is  greater,  and 
longer  time  is  required,  but  these  disadvantages  are  out- 
weighed by  the  increased  yield.  100  cwts.  of  ore  with  50 
to  70  per  cent  of  lead  (often  in  pieces  of  the  size  of  the 
fist)  are  smelted  together  with  19  cwts.  of  iron,  5J  cwts.  of 
refinery  cinders,  and  30  to  40  cwts.  of  lead  slags,  in  20  hours, 
consuming  50  cwts.  of  coal,  and  yielding — 

a.  50  cwts.  or  so  of  raw  lead,  dependent  on  the  quality  of 
the  ore. 

b.  30  cwts.  of  lead  matt,  with  about  9  per  cent  of  lead. 

c.  40  cwts.  of  impure  slags  and  hearth-ends. 
Smelting  the  Schlich. —  The   schlich   ores,  containing 

from  30  to  44  per  cent  of  lead,  are  mixed  with  lime;  100  cwts. 
of  schlich  and  72  cubic  feet  of  lime.  This  mixture  is  moistened 
with  water,  and  bricks  are  formed  of  it,  which  are  allowed  to 
diy  in  the  air  during  48  hours. 

100  cwts.  of  schlich  require  8  cwts.  of  iron,  24  cwts.  of 

•  Kakstbn's  Archiv.,  i  R.,  i.,  135  ;;vi.,  170 ;  vii.,  54 ;  2  R.,  viii.,  103  ;  xxiv., 
430.  Erdmanm's  Journal  fur  ok.  u.  tecbn.  Cb.,  xv.,  Z20,  237,  392.  Ann.  d. 
Min.,  I  Ut.,  vii.,  54 ;  xii.,  loi ;  4  s^m  »v.,  377  ;  vi.,  213  ;  xiii.,  271.  Karstbn's 
Mdtallttrgie,  v.,  157.  Hartmann's  Repert.,  11.,  289.  Bergwerksfreund,  ix.,  369. 
B.  n.  h.  Ztg.,  1852,  p.  173,  470.  RivoT,  M6tallurgie  du  Plomb  et  de  TArgent, 
i860,  p.  76,  390. 

f  V.  Dechbn,  SUtist.  des  2oUv.  u.  nordl  Deutcbl,  i.,  757.  Cotta,  Erzla- 
gerstatten,  ii.,  238,  708. 
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refinery  cinders,  84  cwts.  of  coal,  and  44  hours'  time  for 
smelting;  and  they  yield  30  per  cent  of  raw  lead,  15  per  cent 
of  lead  matt,  and  50  per  cent  of  impure  slags.  The  opera- 
tions only  last  6  or  8  days,  as  the  ores  conduce  to  the  for- 
mation of  a  great  deal  of  zinciferous  soot. 

According  to  Rivot  the  loss  of  lead  by  volatilisation  and  in 
the  slags,  which  are  thrown  away,  amounts  to  io'5  per  cent ; 
the  loss  of  silver  to  6*4  per  cent ;  and  the  smelting  cost  for 
I  ton  of  schlich  is  £1  I2s.  yd. 

Smelting  the  Residues. — 5  tons  require  3  cwts.  of 
iron,  8  cwts.  of  refinery  cinders,  22  cwts.  of  coal,  4  cwts. 
limestone,  and  16  hours'  time ;  and  yield  4  to  4I-  cwts.  of 
raw  lead,  and  matt  containing  2  per  cent  of  lead,  which  is 
thrown  aside  along  with  the  pure  slags. 

According  to  Rivot  the  jdeld  of  this  process  amounts  to 
87  per  cent  of  the  lead,  and  96*50  per  cent  of  the  silver, 
and  the  smelting  costs  8s.  5d.  per  ton. 

The  three  processes  together  cause  a  loss  of  4*48  per  cent 
of  the  lead,  and  14*30  per  cent  of  the  silver,  and  the  smelting 
cost  of  I  ton  of  ore  amounts  to  £1  i8s.  iid.  The  high  price  of 
the  iron  and  cinders  used  malces  this  process  expensive ; 
and  the  necessity  for  a  more  perfedl  dressing  of  the  ores  free 
from  silica,  and  enriching  them  from  65  to  75  per  cent  of  lead, 
has  been  the  cause  of  the  introduction  of  the  English  rever- 
beratory  process. 

In  the  year  1861  were  produced:  1,408  tons  of  lead, 
560  tons  of  litharge  in  lumps,  228  tons  of  common  litharge, 
57  tons  of  sifted  litharge,  and  4,179- 183  lbs.  of  silver. 

At  Przibram,  in  Bohemia,  the  galena*  occurs  in  veins  in  grey- 
wacke,  containing  from  4  to  12  ounces  of  silver  per  cwt.,  and 
is  chiefly  associated  with  zinc  blende  containing  silver  up  to 
6  ounces,  besides  real  silver  ores,  and  sparry  iron  ore  in 
smaller  quantities;  the  prevailing  gangue  is  quartz  or  grey- 
wacke  (up  to  15  per  cent),  with  some  admixture  of  calca- 

*  CoTTA,  Erslagerstatten,  ii.,  aoi.  Grimm,  im  Leob.  n.  Prxibr.  Jahrbach 
^>  1855,  p.  93 ;  1857,  P*  23I*  Li^^  V*  LiLiBNBACH,  Verhalten  des  Erzadels, 
gegen  die  Teufe  im  Bericht  6ber  d.  erste  allgem.  Venammlang  von  Berg 
und  HiittenxnluinerR  in  Wien.  Wien,  1859,  p.  za.  Oesterr.  Zeitschrift,  z86z, 
No.  Z5. 
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reous  spar  and  baryta.  The  amount  of  silver  contained  in 
blende  makes  a  very  careful  preparatory  dressing  of  the  ore 
necessary,  and  the  amount  of  blende  and  quartz  in  the  ore, 
and  the  absence  of  iron  pyrites,  render  their  smelting  diffi- 
cult. 

After  many  trials  the  following  processes  have  been  adopted 
for  the  different  ores : — 

1.  The  rich  lead  ores  are  worked  by  the  precipitation 
process. 

2.  The  poorer  lead  ores  are  roasted  in  English  and  double 
reverberatory  furnaces,  and  afterwards  worked  in  cupola 
furnaces  with  iron  and  ferruginous  substances. 

3.  The  argentiferous  blende  and  the  poor  lead  ores 
containing  blende  are  roasted  in  double  muffle  furnaces 
(vide  Zinc)  for  the  formation  of  sulphates  and  the  pro- 
duction of  sulphurous  acid,  which  is  conveyed  into  lead 
chambers  for  conversion  into  sulphuric  acid. 

Analysis  shows  the  rich  ores  to  consist  of — 

Galena 89     to  90  per  cent. 

Blende 3-0  to  3*5      „ 

Sulphide  of  antimony .  .  i'5  to  i'8  „ 
Sulphide  of  silver  .  .  .  0*55  to  0*59  „ 
Iron  partly  oxidised  and 

partly  sulphuretted .    .    1*5  to  2'0      „ 
Quartz     and     aluminous 

substances 3'i  to  3*3      „ 

The  galena  contains  77  or  78  per  cent  lead,  and  14  per 
cent  sulphur. 
The  smelting  mixture  is  composed  as  follows : — 

a.     b. 
Ore     ... 
Lead  slags   . 
Dross .     .    . 
Rich  litharge 
Hearth    .     . 
Small  coal    . 
Iron    ...     . 
Refinery  cinders 
This  mixture  is  melted  in  cupola  furnaces.    The  different 
smelting  processes  carried  on  at  Przibram  are  explained  sub- 
sequently. 
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At  Joachimsthal  the  new  smelting  process  is  carried  out  as 
follows : — Principally  silver  ores  are  worked  here,*  they  are 
mostly  associated  with  quartz  and  a  little  lime  and  alumina, 
5  per  cent  at  the  outside.  The  silver  chiefly  occurs  in  a 
native  state,  and  as  ruby  silver  ore ;  most  of  the  ores  contain 
5  per  cent  of  lead  as  galena,  and  some  bismuth,  cobalt,  and 
nickel,  combined  with  arsenic  and  iron,  are  present  in 
almost  all  ores ;  iron  pyrites  is  only  rarely  present.  Some 
uranium!  and  vanadium t  are  extra(5led  by  Patrera's  method. 

The  first  essential  improvement  of  the  former  process  was 
introduced  by  Vogl  in  his  new  construdlion  of  the  furnaces  || 
which  are  mentioned  on  page  8i.  According  to  Vogl,  the 
following  expedients  for  avoiding  a  great  loss  of  lead  may 
be  used  with  advantage,  in  addition  to  the  new  construdlion 
of  the  furnace : — 

a.  The  formation  by  protoxide  of  iron  and  lime  of  a  basic 
slag,  easily  fusible  and  decomposable  by  acids. 

b.  An  amount  of  lead  in  the  mixture  exceeding  20  per 
cent. 

c.  So  large  an  addition  of  iron  that  the  formation  of  de- 
posits in  the  hearth  is  unavoidable  at  the  end  of  the  opera- 
tion. This  will  cause  the  highest  yield  of  silver  from  the 
smallest  quantity  of  lead. 

d.  Smelting  at  as  low  a  temperature  as  possible,  with 
high  charges,  and  a  small  pressure  of  blast  (2}  to  4  inches 
water),  and  a  tuyere  from  1}  to  2J  in.  diameter. 

e.  An  inclination  of  the  tuyere  of  at  least  25  degrees,  and 
rather  a  dark  nose. 

/.  Most  perfedt  working  up  of  the  metallic  soot,  iron  de- 
posits, &c. 

*  J.  F.  VooL,  Oangverhiatn.  und  Mineralreichthum,  von  Joachimsthal 
Teplitz,  Z856.  Stbrnbbroer,  Joachimisthaler  Bergbau:  Oester.  Zeitschr., 
1857,  P*  33-  J*  P*  VooL,  die  secund.  Gebilde  der  Joachimsth.  Gruben.  Oester. 
Zeitschr.,  1856,  p.  353.     Cotta,  Erzlagerstatten,  ii.  34. 

f  Oester.  Zeitschr., Z586,p.  95, 230, 342 ;  1857,  P*  4^>  53*  Bergwerksfreund,  Bd 
22,  No.  37.    B.  u.  h.  ztg.,  1861,  p.  391. 

{  Oesterr.  Zeitschr.,  1856,  p.  230,  244.     Wagner's  Jahrsbericht,  1859, 

P-  134- 

II  B.  n.  h.  Ztg.,  Z855,  No:  x— 3,  30—32.  Oesterr.  Zeitschr.,  1857,  p  5X1 89; 
1862,  No.  5. 
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Though  these  improvements  were  important,  more  econo- 
mical processes  in  the  wet  way  have  of  late  been  introduced. 
Since  the  year  1859,  the  rich  lead  ores  have  been  submitted  to 
the  precipitation  process  in  Vogl's  furnace.  Ores  containing 
71  per  cent  of  lead,  cause  a  loss  of  only  0*9  per  cent  of  lead 
when  smelted  in  that  furnace.  Silver  ores  containing  no 
lead,  or  not  more  than  15  per  cent,  are  treated  according  to 
Patrera's  process  {vide  Silver). 

At  the  Marienhtitte,  in  Kinzigthal  (Baden),  mixtures  of 
the  following  composition  are  worked  in  cupola  furnaces : — 
14  cwts.  of  galena,  containing  48  to  55  lbs.  of  lead  and  i  to 
if  ounces  of  silver,  23  cwts.  of  mixed  ores  (galena,  copper 
pyrites,  malachite),  containing  7  lbs.  of  lead  and  f  ounce  of 
silver,  and  4  cwts.  of  silver  ore  with  2  ounces  of  silver,  15 
cwts.  of  refinery  cinders,  and  18  cwts.  of  copper  slags. 

At  the  smelting  works  in  Mtinsterthal  (Baden),  galena 
schlich,  containing  50  lbs.  of  lead  and  2^  ounces  of  silver  per 
cwt.,  is  worked  in  cupola  furnaces  6^  feet  high.  In  the  matt 
of  those  works,  Sandberger  found  Nij  Cue  Sbj ;  the  same  alloy 
was  found  by  Hausmann  in  furnaces  at  the  Upper  Hartz. 
These  works  produce  annually  470  lbs.  of  silver  and  65  to 
70  tons  of  litharge. 

At  the  smelting  works  at  Ems  (Nassau),  the  precipitation 
process  was  formerly  adopted,  but  it  is  now  discarded. 

In  Sala  (Sweden)  argentiferous  galena,  which  occurs  in 
granular  limestone,  is  worked,  associated  with  zinc  blende, 
a  little  iron  pyrites,  some  gypsum,  quartz,  and  silicates  of 
magnesia.    It  is  smelted  in  cupola  furnaces  19  feet  high. 

At  Ruszkberg  (Banat),  a  mixture  of  24  cwts.  of  argenti- 
ferous galena,  24  cwts.  of  brown  lead  ore,  29  cwts.  of  argil- 
laceous iron  ore,  12  cwts.  of  roasted  lead  matt,  i  cwt.  of  iron 
pyrites,  and  10  cwts.  of  limestone  is  profitably  worked  in 
cupola  furnaces  20  feet  high. 

Treatment  of  Roasted  Ores  with  Iron,  or 

SOME  Ferruginous  Flux. 

Roasting  Redu(5tion  Precipitation  Process* 

This  process  is  used  for  ores  which  are  either  so  rich  in 
foreign  sulphides,  antimonides,  and  arsenides,  as  to  be  unfit 
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for  the  common  precipitation  process,  or  so  rich  in  earthy 
siliceous  matter,  that  they  cannot  be  worked  in  reverberatory 
furnaces.  It  would  be  possible  to  work  these  last  ores  by 
the  common  precipitation  process ;  but  in  some  cases  local 
circumstances,  chiefly  the  price  of  materials,  make  a  previous 
roasting  desirable  (Commem,  Ems).  Ores  poor  in  lead  and 
rich  in  silver,  associated  with  different  gangues,  and  which, 
on  account  of  the  presence  of  this  amoimt  of  silver,  cannot  be 
sufficiently  dressed,  are  best  adapted  for  this  process.  The 
disadvantages  have  been  spoken  of  on  page  83.  The 
process  is  carried  on  in  the  different  works  with  modifications 
dependent  on  the  nature  and  the  aggregation  of  the  ore,  and 
on  local  circumstances.  The  reaftion  process  is  intended 
to  transform  the  sulphides  as  much  as  possible  into  oxides, 
and  to  volatilise  antimony,  arsenic,  zinc,  &c. ;  the  oxides 
are  then  submitted  to  a  reducing  and  purifying  smelting. 
Matt  is  thus  formed  in  small  quantity,  but  containing  the 
greater  part  of  the  copper  present ;  the  degree  of  roasting 
must  be  regulated  according  to  the  amount  of  copper  con- 
tained  in  the  ore. 

The  roasting  of  the  ores  is  conduced, 

1.  In  Heaps,  either  with  or  without  shelter ;  used  for  ores 
containing  a  very  large  quantity  of  foreign  sulphides,  and 
which  cannot  be  completely  roasted  on  account  of  the 
copper  contained  in  them  (Hartz).  Those  ores  contain 
sufficient  sulphur  to  bum  by  themselves.  Pot-like  depres- 
sions are  stamped  in  the  porous  covering  of  the  roasting 
pile,  and  the  sulphur  being  sublimed  from  below  colle<5ts  in 
them,  and  is  dipped  out  from  time  to  time  in  a  liquid  state ; 
the  quantity  is  about  sufficient  to  pay  the  cost  of  roasting. 

When  the  ores  contain  less  sulphur,  they  must  be  provided 
with  intermediate  layers  of  fuel  (Mttsen,  Rothenbach.) 

2.  In  Mounds  ;  they  permit  the  fuel  and  temperature  to 
be  better  regulated,  and  are  used  for  the  same  ores  as  those 
before  described;  but  the  roasting  process  cannot  be  carried 
on  completely  and  uniformly  with  these  arrangements. 

3.  In  Cupola  Furnaces :  chiefly  used  when  the  sulphur 
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is  employed  for  the  production  of  sulphuric  acid  (Oker  in 
the  Hartz). 

4.  In  Reverberatory  Fumaces»  with  one  or  two  hearths, 
either  one  above  the  other,  or  side  by  side ;  they  give  the  best 
result  in  roasting,  and  are  mostly  employed.  Furnaces 
with  two  hearths  are  more  difficult  to  work,  but  they  effeft 
a  saving  of  fuel.  According  to  Vogl,  furnaces  with  one 
hearth  and  a  long  grate  are  more  economical  to  work  than 
English  furnaces  with  short  grates.  If  the  sulphurous 
acid,  formed  by  the  roasting,  is  to  be  used  for  the  pro- 
duction of  sulphuric  acid,  these  furnaces  must  be  combined 
with  muffle  furnaces  (Przibram,  Freiberg),  and  the  roasted 
ore  must  have  been  previously  more  or  less  ground. 

According  to  Vogl,*  an  adddition  of  coal  is  advantageous 
in  the  roasting  of  lead  ores.  When  the  roasting  is  well 
conducted,  the  sulphides  will  be  nearly  all  transformed  into 
oxides.  In  contrast  to  the  common  roasting,  the  tempera- 
ture in  the  last  period  is  sometimes  raised  so  high  that  the 
roasting  mass  either  cakes  together,  or  completely  fuses. 
This  is  donet  either  with  the  objeCt  of  doing  away  with 
the  pounded  form  of  the  ore,  which  is  injurious  in  cupola 
furnaces ;  or  in  order  to  decompose  the  sulphate  of  lead  by 
silica  so  as  to  counteract  the  formation  of  matt,  and  to  save 
ferruginous  fluxes.  As  the  components  of  the  roasting 
mass  (oxide  of  lead,  sulphate  of  lead,  and  some  undecom- 
posed  galena)  are  brought  into  nearer  contaCt  by  the  caking, 
a  reaction  of  the  oxide  upon  the  sulphuretted  substances 
will  be  produced  during  the  process  in  the  cupola  fur- 
nace; and,  as  in  the  reverberatory  furnace,  metallic  lead 
and  sulphurous  acid  will  be  formed.  When  the  ore  does 
not  contain  sufficient  silica,  the  deficiency  must  be  sup- 
plied by  an  addition  of  quartz  sand.  The  silicate  of  lead 
which  has  been  formed  together  with  other  silicates  must 
be  decomposed  by  ferruginous  substances.  The  sulphura- 
tion  will  be  most  complete  when  the  galena  is  treated  at  a 
gradually  rising  temperature,  as  in  the  French  roasting 

*  B.  u.  b.  Ztg.,  Z856.  p.  61. 

t  Kachelmann  in  Oesterr.    Zeitschr.  1857  P*  ^^^1  '79* 
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process,  when  it  mostly  changes  into  sulphate  of  lead, 
which  again  is  decomposed  by  silica  at  a  high  temperature ; 
but  the  drawback  to  this  operation  is  the  greater  consump- 
tion of  fuel.  If  a  great  amount  of  sulphates  of  lime  and 
baryta  has  been  formed  in  the  roasting  mass,  they  must  be 
decomposed  by  silica  at  a  continued  high  temperature.  A 
complete  scorification  is  advisable  if  a  sufficient  quantity 
of  ferruginous  substances  can  be  added  in  the  subsequent 
smelting ;  also  when  a  saving  in  fuel  and  labour  is  desired 
in  working  ores  poor  in  lead,  and  when  the  scorification  is 
facilitated  by  the  presence  of  white  lead  ore  (Commem,  Ems, 
Stolberg). 

Foreign  substances  associated  with  the  ore  are  sometimes 
advantageous  and  sometimes  injurious  to  the  roasting 
process. 

Iron  Pyrites  requires  a  lower  temperature  :  containing  a 
arge  amount  of  sulphur,  it  requires  more  time  for  roasting, 
and  forms  sulphates  in  large  quantity,  thus  necessitating  a 
large  addition  of  silica  and  a  high  temperature  for  decom- 
position ;  but  these  disadvantages  are  more  than  counter- 
balanced by  the  favourable  influence  of  the  oxide  of  iron 
formed.  Undecomposed  sulphide  of  iron  increases  the  yield 
of  matt ;  the  presence  of  pyrites  a(5ls  advantageously  in  pre- 
venting the  volatilisation  of  lead  and  silver,  by  transforming 
them  into  sulphates. 

Zinc  Blende  has  an  invariably  injurious  action  in  this 
process.  The  best  treatment  for  ores  containing  a  great 
amount  of  blende  is  to  roast  them  first  by  themselves,  and 
afterwards  with  coal  several  times. 

Sulphide  of  Antimony  in  ores  is  highly  deleterious,  and 
a  roasting  of  such  ores  with  coal  is  advisable. 

Arsenical  Pyrites  likewise  causes  a  loss  of  metaU 

Copper  Pyrites  does  not  interfere  with  the  roasting 
process,  but  part  of  its  copper  always  enters  into  the  lead 
and  decreases  its  value  (Lower  Hartz,  MUsen,  Rothenbach.) 

Grey  Copper  Ore  adls  similarly,  and,  on  account  of  the 
antimony  and  arsenic  it  contains,  also  increases  the  loss  of 
metal. 
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Sulphide  of  Silver  is  easily  roasted. 

Sparry  Iron  Ore  is  converted  by  the  roasting  process  into 
peroxide  of  iron  and  counteracts  caking  of  the  ore ;  it  afts 
favourably  in  the  smelting  process ;  if  there  is  a  large  amount 
associated  with  the  galena,  siliceous  iluxes  must  be  added, 
and  the  smelting  process  condudled  in  low  furnaces  and  with 
a  low  pressure  of  blast. 

Heavy  Spar  has  no  influence  upon  the  roasting  process, 
and  adls  favourably  upon  the  fusibility  of  the  slags  in  the 
smelting  process. 

Lime  hastens  the  roasting  by  absorption  of  sulphuric  acid, 
and  adls,  like  baryta,  as  a  flux  for  silica. 

Smelting  the  Roasted  Ores. 

The  result  depends  chiefly  on  the  roasting,  the  choice  of 
suitable  fluxes,  and  on  the  furnaces.  The  roasting  mass 
chiefly  contains  metallic  oxides,  reducible  in  different 
degrees ;  and  this  process  is  intended  to  reduce  the  oxide  of 
lead  as  quickly  as  possible,  and  to  scorify  those  oxides  which 
are  difficult  to  reduce. 

Experiments  have  been  tried  so  to  compose  the  mixture* 
as  to  form  slags  of  mono-silicates,  or  of  a  combination  of 
mono-  and  sub-silicates  with  a  metallic  base,  chiefly  pro- 
toxide of  iron  (basic  silicate  of  iron  and  lime),  which  may  be 
formed  at  a  sufficiently  low  temperature,  and  which,  not 
having  a  high  specific  gravity,  allow  a  separation  of  the 
smelting  produdls,  except  when  zinc  blende  is  present  in  large 
quantities.  If  the  slags  are  too  basic,  and  contain  excess  of 
iron,  their  easy  chilling  and  redudlion  of  too  much  iron 
cause  an  impure  result  and  shorter  operations;  and  if 
their  specific  gravity  is  too  high  they  do  not  separate  suffi- 
ciently from  the  matt,  thus  causing  loss  of  metal.  If  they 
are  too  acid,  contain  too  little  iron,  and  are  not  rendered 
more  easily  fusible  by  oxide  of  lead,  they  require  a  higher 
temperature  for  their  smelting,  causing  a  considerable 
volatilisation  of  lead  and  greater  redu(5lion  of  foreign  oxides, 

•  Oesterr.  Zeitschr.,  1857,  No.  i.    B.  u.  h.  Ztg.,  1857,  P-  5^»  9'- 
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chiefly  oxide  of  iron.  As  acid  fluxes,  slags  and  sometimes 
quartz  are  used ;  as  basic  fluxes,  refinery  cinders,  iron  ore, 
roasted  matt,  &c. 

The  ferruginous  substances  not  only  reacJl  in  the  forma- 
tion of  slags,  but  also  in  the  extraction  of  lead.  Protoxide 
of  iron,  as  a  strong  base,  expels  the  oxide  of  lead  from  its 
silicate,  which  may  then  be  reduced  by  coal ;  also  one  part 
of  the  protoxide  of  iron  is  always  reduced  to  metallic  iron, 
and  has  a  desulphurising  adtion  upon  the  undecomposed 
sulphide  of  lead,  and  a  reducing  a(5lion  upon  silicate  and 
oxide  of  lead ;  and  as  no  means  are  given  to  control  this 
redudlion  of  oxide  of  iron,  the  produdl  is  apt  to  be  injured,  and 
deposits  of  iron  formed  in  the  hearth  of  the  furnace.  This 
formation  is  advantageous  towards  the  end  of  the  operation,  as 
it  proves  that  there  was  sufiicient  iron  in  the  mixture,  which 
is  essential  for  the  yield  of  lead  and  silver  (Joachimsthal). 

The  redudlion  of  refinery  cinders  is  still  less  subjedl  to 
control  than  the  redudlion  of  rich  iron  ore,  as  the  refinery 
cinders  are  difficult  to  reduce,  and  nearly  all  enter  the 
hearth  without  being  decomposed;  and  as  the  processes 
are  uncertain  with  both  the  substances,  metallic  iron*  is 
employed  in  many  smelting  works,  as  it  not  only  decomposes 
sulphide  of  lead  but  also  reduces  oxide  of  lead.  At  the 
same  time  the  sulphide  of  iron  adls  upon  the  silicate  of  lead, 
forming  metallic  lead,  sulphurous  acid,  and  silicate  of  iron. 
Sulphides  of  barium  and  calcium,  formed  by  the  redudlion 
of  the  respedlive  sulphates,  adl  in  a  similar  manner,  and 
sulphide  of  barium  is  sometimes  added  to  the  mixture  in 
order  to  produce  such  a  readlion  (Vialas). 

If  iron  ore  and  metallic  iron  are  expensive,  the  fuel  may  adl 
as  a  substitute,  either  in  part  or  wholly;  but  enough  oxidised 
iron  must  be  contained  in  the  mixture  to  form  an  easily 
fusible  slag ;  and  for  this  purpose  the  roasting  is  carried  out 
as  completely  as  possible,  and  the  sulphates  formed  are 
chiefly  decomposed  by  silica  at  a  high  temperature ;  the 
mixture  is  then  combined  with  coal  or  coke  and  slowly 
smelted  in  low  furnaces,  the  upper  mouth  part  of  them  being 

•  B.  u.  h.  Ztg.,  1857,  P-  67- 
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flaming  (Vialas,  Spain).  Compared  with  smelting  with 
iron,  this  process  causes  a  great  loss  of  metal,  a  large 
consumption  of  fuel,  and  a  small  produftion. 

The  chief  advantage  of  the  roasting  process  over  the  com- 
mon precipitation  process  is  the  non -formation  of  matt ;  but 
the  formation  of  matt  is  necessary  when  a  loss  of  silver  is  to 
be  expedled,  or  when  the  mixture  contains  a  larger  amount 
of  copper  (Mtisen,  Lower  Hartz);  or  again,  when  for  these 
reasons  the  roasting  must  not  be  carried  on  so  far,  and 
when  the  roasting  process  depends  on  the  smelting  in  the 
cupola  furnaces.  Small  quantities  of  matt  are  dissolved  in 
the  slags,  and  large  quantities  are  allowed  to  remain  in 
them ;  thus  the  slags  contain  more  or  less  silver  (Przibram). 
If  a  small  quantity  of  matt  is  separated,  and  if  it  is  poor  in 
lead  and  silver,  it  is  treated  like  the  ores  without  much  cost 
and  loss  of  metal ;  but  if  a  greater  quantity  is  obtained,  and 
it  is  rich  in  copper,  lead,  and  silver,  more  elaborate  processes 
are  required,  causing  great  expense  and  loss  of  metal  (Lower 
Hartz,  MUsen,  Freiberg). 

If  the  roasting  process  is  incompletely  carried  out  with 
ores  containing  antimony  and  arsenic,  a  formation  of  speiss 
takes  place  in  the  smelting  process,  and  its  working  up 
causes  loss  of  metal. 

Produfts  rich  in  lead  are  frequently  added  to  the  mixture, 
partly  in  lumps  and  partly  in  the  form  of  powder ;  to  avoid 
a  loss  of  metal  the  powder  should  be  heated  until  it  cakes, 
or  mixed  with  lime,  as  before  diredled,  and  worked  up 
separately  when  containing  much  lead.  The  presence  of  zinc 
blende  in  the  mixture  causes  most  of  the  modifications  of 
the  smelting  process . 

Low  cupola  furnaces  are  best  for  smelting  roasted  ores, 
as  they  cause  a  less  formation  of  iron  deposits  in  the  hearth, 
and  of  metallic  soot  when  smelting  ores  associated 
with  zinc,  thus  allowing  longer  operations.  If  these 
inducements  do  not  exist,  the  application  of  higher  furnaces 
is  advisable,  as  eflfe<5ting  a  saving  of  fuel  and  less  loss  of 
metal  by  volatilisation.  These  furnaces  must  always  be 
provided  with  a  chamber  for  condensing  the  unavoidable 
smoke. 
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On  account  of  the  basic  and  ferruginous  mixture  which 
facilitates  the  formation  of  deposits,  the  furnaces  used  are 
mostly  construfted  like  sump  furnaces ;  in  rare  cases  only 
channel  furnaces  are  used,  as  in  the  smelting  works  on  the 
Rhone,  whilst  crucible  furnaces  (Commem,  Stolberg,  Przi- 
bram)  are  much  used.  In  the  latter  case,  the  lower  part  of 
the  front  wall  is  furnished  with  a  door  suspended  on  hinges, 
and  having  its  inner  side  covered  with  clay ;  these  furnaces 
allow  a  better  separation  of  the  matt  and  lead,  as  it  takes 
place  at  a  higher  temperature  in  the  interior  of  the  furnace. 

For  fuel,  charcoal,  coke,  or  a  mixture  of  both  are  em- 
ployed, the  last  giving  the  highest  yield  of  metal ;  coke  pro- 
duces a  high  heat  in  a  small  space  before  the  tuyere,  and 
charcoal  a  lower  heat  in  a  greater  space. 

When  the  process  is  going  on  properly,  less  redudlion  of 
oxide  of  lead  and  volatilisation  of  lead  and  silver  will  take 
place  in  the  upper  part  of  the  furnace,  if  the  smelting 
masses  be  less  porous  or  pulverised;  on  the  other  hand, 
a  reduction  of  the  .oxide  of  iron  now  begins  if  the  furnace  is 
not  too  low,  and  the  grain  of  the  ferruginous  flux  not  too 
coarse.  The  masses  become  softer  and  gradually  fuse  as 
they  sink  into  the  furnace.  Part  of  the  oxide  of  lead  is 
reduced  by  coal  and  iron,  sulphates  are  decomposed  by  the 
fused  silicates,  and  the  oxidised  lead  is  extracted  from  the 
latter  by  oxidised  iron,  which  allows  the  redudlion  of  oxide 
of  lead  by  coal ;  undecomposed  sulphide  of  lead,  and  that 
reduced  from  the  sulphates,  get  decomposed  by  metallic  iron ; 
and  the  sulphide  of  iron  thus  formed  has  a  partially  decom- 
posing aftion  upon  silicate  of  lead,  or  forms  a  matt,  if  present 
in  larger  quantity,  together  with  other  sulphides,  whilst  a 
fusible  slag,  poor  in  lead,  is  formed  at  the  same  time.  The 
adlion  of  the  coal  is  stated  on  page  ii8.  If  the  ores  contain 
zinc,  the  previously  described  rea<5lions  take  place ;  the  pro- 
cess is  effedled  by  a  nose  from  8  to  12  inches  long,  and  the 
mouth  of  the  furnace  must  be  kept  free  from  flame. 

The  results  of  the  process  are  judged  satisfadlory  or  not 
according  to  the  produfts  obtained,  which  are  as  follows  : — 

I.  Raw  Lead,  usually  more  impure  and  more  brittle  than 
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that  obtained  by  the  precipitation  process ;  it  contains  an 
amount  of  Sb,  As,  Zn,  Cu,  Pb^S,  Pb4S,  &c.  It  is  sub- 
mitted to  Pattinson's  process  for  the  extradlion  of  its  silver, 
and,  if  necessary,  previously  refined. 

2.  Lead  Matt  with  varying  quantities  of  Pb,  Cu,  and 
Ag.  If  the  amount  of  these  metals  is  small,  it  is  treated 
like  ore,  otherwise  the  treatment  followed  is  that  stated  on 
page  96. 

3.  Speiss,  usually  of  the  composition  ^(Fe,  Ni,  Co)3  As+ 
j;(FeaS,  CujS,  Pb  S)n  +  RS  (As,  S3  Sb  S3);  it  is  sometimes 
worked  in  order  to  extradl  the  Pb,  Ag,  Cu,  Ni,  and  Co 
contained. 

4.  Slags  of  basic  nature ;  the  pure  slags  are  thrown  aside, 
the  impure  ones  re-worked. 

5«  Metallic  Smoke,  from  roasting  and  smelting,  is  either 
mixed  up  with  the  smelting  mass,  or  burned,  together  with 
from  15  to  20  per  cent  quartz,  in  reverberatory  furnaces.  In 
this  operation  part  of  the  lead  may  be  extracted  by  mixing  the 
smoke  with  coal.  If  the  ores  contain  blende,  the  smoke 
contains  oxide  and  sulphate  of  zinc,  and  is  rich  in  silver. 

6.  Furnace  Ends  ;  these,  if  carefully  worked  up,  lessen 
the  loss  of  metal. 

Illustrations   of  Smelting    Ores   Poor    in    Lead    and 
Associated  with  Pyrites  and  Blende. 

In  the  three  smelting  works  near  Goslar  (Lower  Hartz),* 
the  lead  ores  t  of  the  Rammelsberg  are  worked ;  besides  galena 
they  contain  a  great  deal  of  iron  pyrites,  some  copper  pyrites, 
zinc  blende,  arsenical  pyrites,  antimonial  ores,  baryta,  calc 
spar,  quartz,  argillaceous  clay,  &c.,  so  that  the  average 
amount  of  lead  in  the  roasted  ores  does  not  exceed  from 
4  to  10  per  cent. 

*  Lampadxus,  Hiittenkunde,  ii.  Thl.,  Bd.  p.  no;  B.  u.  h.  Ztg.,  i853»  P*  6 ; 
1854,  p.  I,  97 ;  1859,  p.  37  ;  1862,  p.  105.  Jars,  metallurgische  Reise,  iii.404. 
RussEGOBRs'  Reisen,  iv.,  675.  Kerl,  der  Communion  Unterharz.  Freiberg, 
Z853.    Kerl,  die  Rammelsoerger  Huttenprocesse,  Clausthal,  1861. 

t  B.  u.  h.  Ztg.,  1853,  p.  6 ;  i860,  p.  14,  439 ;  1861,  p.  391.  Gotta,  Erzla- 
gerstatten,  ii.  103.    v.  Dechen,  Statists  d.  zollv.  u.  nordl.  Deutchlands,  i.  754. 
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The  roasting  of  the  ores  is  effected  as  before  described- 
Lead  ores  associated  with  much  blende  (brown  ores)  are 
washed  with  water  after  the  first  roasting,  and  the  solution 
is  used  for  the  produdlion  of  sulphate  of  zinc. 

The  roasted  ores  contain  from  4  to  10  lbs.  of  lead  per 
cwt.,  Jth  ounce  of  silver,  and  i  lb.  of  gold  in  about  1,850 
tons.  As  these  ores  contain  a  large  amount  of  foreign 
oxides,  chiefly  peroxide  of  iron,  a  great  quantity  of  siliceous 
flux  is  required,  and  schlich  slags  of  the  Upper  Hartz  are 
used  for  this  purpose. 

One  mixture  for  the  smelting  process  consists  of— 
35  cwts.  of  ore. 

10       „       schlich  slags  of  the  Upper  Hartz. 
J  to  i^    „       litharge  and  hearth  ends, 
besides  some  cwts.  of  roasted  matt,  scum,  soot,  &c.,  accord- 
ing to  necessity ;  the  amount  of  lead  yielded  by  such  mixture 
is  4  cwts. 

The  furnaces  in  use  are  represented  by  Figs.  42,  43,  and 
44;  they  differ  from  other  furnaces  of  this  kind  in  the  singular 
Fig.  42.  Fig.  43. 


It  <  •     I      a     «    4.    3 


to  Feet. 


Digitized  by  VjOOQ IC 


composition  qf  lead  matt.  x23 

Fig.  44. 


^^©w 


Ground  Plan  of  Figs.  42  and  43,  or  Sedion  through  the  Tuyere. 

constnidlion  above  the  channel,  shown  by  the  drawing  at  y, 
which  is  a  small  space  filled  with  small  coal,  and  intended  for 
the  reception  and  redudlion  of  oxides  of  lead  and  zinc,  which 
are  blown  into  it ;  this  apparatus  is  called  zincstuhl,  and  it 
is  charged  with  coal  by  the  opening  dd. 
This  mixture  yields : — 

1.  From  2  cwts.  47 J^  lbs.  to  3  cwts.  57^  lbs.  of  Raw  Lead, 
containing  about  2  ounces  of  silver  per  cwt.  This  becomes 
cupelled,  and  the  resulting  silver,  after  having  been  converted 
under  the  muffle  into  fine  silver,  is  treated  with  sulphuric 
acid  for  the  extraction  of  its  gold ;  the  litharge  is  reduced  to 
lead,  the  scum  smelted  to  hard  lead,  raw  lead,  and  cuprife- 
rous matt. 

2.  From  if  to  6  cwts.  of  Lead  Matt.  The  following 
analysis,  by  Ulrich,  which  may  be  expressed  by  the  formula 

(PbS,  ZnS)  3(FeaS,CuaS) 
shows  its  compositibn  : — 

Lead 8*64 

Iron 44'34 

Copper 17*43 

Tin 776 

Arsenic 2*19 

Sulphur i9'64 

It  is  either,  after  properly  roasting,  worked  till  it  is  so 
cupriferous  that  it  may  be  treated  for  copper,  or,  having  been 
three  times  roasted,  it  is  mixed  with  siliceous  schlich  slags, 
and  worked  for  the  produdlion  of  raw  lead  and  copper  matt. 

3.  From  0*5  to  5  lbs.  of  Zinc,  which  is  freed  from  lead  by 
repeated  meltings. 

4.  Zinciferous  Soot,  used  for  the  produdlion  of  metallic 
zinc  and  chloride  of  zinc. 
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The  following  analyses  of  this  soot,  by  Ahrend,  show  its 
composition : — 


ZnO    . 

.     .    80*39 

PbO    . 

.    .      8-27 

CuO    . 

.      .        0-23 

Fe,03  .    . 

.      5*o6 

A1,0,  .    . 

.      0-35 

CaO    .    . 

.    trace 

SiO,    .    . 

I'42 

CO,     .    . 

0-23 

SO3     .    . 

.       0-28 

S    .    .    . 

.      3"2i 

ZnO    . 
PbO     . 
FcaOa  . 
CuO     . 
ZnO,S03 
ZnO,Si03 
Zn0,C0a 
ZnS     . 
PbS     . 
AUO3   . 


4-80 
5'o6 
0-23 
0-56 
2*66 
0-65 
8-19 
372 
0-35 


5.  About  27  cwts.  of  Slags,  which  are  thrown  aside.  Their 
composition  may  be  expressed  by  the  formula 

3  (FeO,  CaO,  MgO,  PbO),  sSiOj+Al,  O3,  2Si03. 

An  analysis  of  them  by  Ulrich  gives  the  following : — 

sia 27-66 

AUO3 6"oo 

FeO 50-30 

MnO trace 

CaO 772 

MgO 1-90 

PbO 2-13 

ZnO 35 

CuO trace 

S 2"23 

6.  Lead  Speiss ;  less  is  formed  at  the  ore  smelting  than 
at  the  matt  smelting,  and  it  is  worked  for  the  extraction  of 
its  silver  and  copper,  and  for  the  production  of  a  concentrated 
cobalt  and  nickel  speiss.  Analyses  of  different  speiss  of  these 
works  show  their  composition  to  be  as  follows : — 


Cu     .    . 

29-94    • 

.    26-42 

Pb     .    . 

.      3*95    • 

2-91 

Fe      . 

.    2339    • 

.    23-10 

Zn      .    . 

o'9i     . 

0-27 

Ni      .     , 

105    . 

■     trace 

Co      .    , 

.      4*12    . 

075 

Bi      .    . 

o"i9    . 

Cd      . 

,      o-o8    . 

,               

Sb      .    . 

32-90    .    . 

36-29 

As      .    . 

0-92    .    . 

7-52 

S        .    . 

• 

1-47    .    . 

5-48 
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Each  mixture  requires  740  lbs.  of  charcoal  for  smelting,  and 
1,782  lbs.  of  coke.  The  furnaces,  using  136  cubic  feet  air  per 
minute,  make  operations  of  8  or  10  days,  during  which  time 
16  mixtures  are  worked.  A  smaller  yield  of  lead  and  an  im- 
purer  smelting  took  place  when  hot  blast  was  used;  the 
saving  in  fuel  was  very  small. 

In  the  year  1861,  those  works  produced  6,073  cwts.  of  re- 
fined lead,  3,052  cwts.  of  litharge,  and  108  cwts.  of  zinc  (B. 
u.  h.  Ztg.,  1862,  p.  106). 

At  Fahlun,*  in  Sweden,  an  argentiferous  galena,  t  in 
which  iron  and  copper  pyrites  are  disseminated,  is  worked ; 
the  ore  contains  from  6  to  10  lbs.  of  lead,  2  to  3  lbs.  of 
copper,  Jth  ounce  of  silver,  and  60  to  70  lbs.  of  pyrites  per 
cwt.  It  is  roasted  in  mounds  from  14  to  18  feet  long,  10  to 
12  feet  wide,  and  4  to  6  feet  high.  The  roasted  ores  are 
worked  in  admixture  with  the  proper  fluxes,  in  sump  furnaces 
18  feet  high,  and  they  yield  : — 

1.  Rav^  Lead  with  4 J  to  6  ounces  of  silver  per  cwt. ;  the 
fine  silver  resulting  from  it  contains  from  4  to  6  grains  of 
gold  per  mark,  which  is  extradled  by  sulphuric  acid. 

2.  Rav7  Matt  containing  6  or  8  lbs.  of  copper,  and  about 
I  ounce  of  silver  per  cwt. ;  it  is  roasted  and  smelted  for  the 
produdlion  of  copper  matt,  from  which  copper  and  silver  are 
extra<5led. 

Illustrations   of  Working  Ores  rich  in   Lead  and 
associated  with  Foreign  Sulphides  and  Earths. 

Smelting  process  at  Przibram.t  The  quality  of  the  ore 
has  before  been  mentioned.  In  the  first  half  of  the  year  1861, 
the  total  quantity  of  ore  brought  to  the  smelting  works 
(41,426  cwts.,  with  13,698  lbs.  of  silver,  and  18,190  cwts.  of 
lead)  contained,  on  an  average,  0*330  lb.  of  silver,  and  43*90 
lbs.  of  lead  per  cwt.;  16*812  per  cent  of  these  were  rich  ores, 

*  Erdmann,  Journal  f.  (5k.  u.  techniache,  Chemie,  vi.,  179.    Brgwkfd.,  xi., 
604.    RussBOGER*s  Reisen,  iv.,  641.    B.  u.  h.  Ztg.,  1859,  p.  93. 
f  CoTTA,  ErzlagerstStten,  ii.,  525.    B.  u.  h.  Ztg.,  1855,  p.  37 ;  1861,  p.  195. 

t  Annalesdes  mines,  1842, 1.,  27.  Wehrlb*6  Huttenkunde,  ii.,  253.  Oesterr. 
Zeitschrift,  1853,  p.  215  ;  1854,  p.  283,  321 ;  1856,  p.  322 ;  1857,  p.  265.  B.  u.  h. 
2tg.,  1843,  p,  80X  ;  1856,  p.  438. 
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containing  0*579  lb.  silver,  and  72*66  lbs.  lead  per  cwt.,  and 
were  worked  by  the  precipitation  process.  50729  per  cent, 
in  form  of  coarse  grains,  contained  o'309  lb.  of  silver,  and 
40*89  lbs.  of  lead;  and  32*459  percent  of  pounded  ore(schlich) 
contained  0*325  lb.  of  silver,  and  33*72  lbs.  of  lead.  The 
•poor  ore,  when  in  the  form  of  small  fragments,  contains  0*321 
per  cent  of  silver,  41*25  per  cent  of  lead,  13*53  per  cent  of 
zinc,  12*20  per  cent  of  peroxide  of  iron,  and  16*40  per  cent 
of  silica ;  and  when  in  the  form  of  slime  and  schlich,  0*205 
per  cent  of  silver,  27J  per  cent  of  lead,  9*22  per  cent  of  zinc, 
18*00  per  cent  of  peroxide  of  iron,  and  28*10  per  cent  of 
silica.  The  former  contains  45^^  per  cent  of  sulphides,  and 
the  latter  29  per  cent. 

The  different  lots  intended  for  roasting  are  spread  out  one 
upon  the  other,  and  are  made  use  of  whilst  so  combined. 

English  roasting  reverberatory  furnaces  and  double  rever- 
beratory  furnaces  are  used  for  roasting.  In  the  former 
charges  of  20  cwts.  are  employed,  which  are  stirred  con- 
tinually, and  turned  three  or  four  times.  At  the  end  of  the 
process  (after  about  eight  hours)  the  temperature  is  so  much 
increased  that  the  roasting  mass  begins  to  cake.  The 
furnaces  with  two  hearths  are  charged  with  from  thirteen  to 
fifteen  cwts.  of  ore,  which  are  spread  out  about  two  inches 
high  upon  the  hearth,  and  kept  four  hours  in  the  upper 
hearth,  and  then  four  hours  in  the  lower  one. 

The  roasted  ores  are  chiefly  smelted  in  cupola  furnaces, 
with  two  tuyeres,  of  Vogl's  construdlion.  The  tuyeres 
have  an  inclination  of  from  nine  to  eleven  degrees,  and 
the  sump  lies  at  its  deepest  point  seventeen  inches 
beneath  the  tuyeres.  These  high  cupola  furnaces  give  a 
greater  produdlion  and  a  better  yield,  and  less  loss  of  metal 
by  volatilisation  and  scorification,  and  require  less  fuel  than 
the  lower  cupola  furnaces,  which  were  formerly  exclusively 
used,  and  are  still  occasionally  to^be  met  with. 

The  mixtures  for  both  kinds  of  furnace  are  as  follows : — 

Mixture  for  the  high  cupola  furnaces :  50  cwts.  of  ore,  4  cwts. 
of  furnace  ends,  2  cwts.  of  rich  litharge,  2  cwts.  of  scum,  4 
cwts.  of  old  hearth,  4  cwts.  of  iron,  and  24  cwts.  of  iron 
refinery    cinders.      49    cwts.   35  lbs.  of  ore  are  smelted 
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in  24  hours,  yielding  17  cwts.  86  lbs.  of  raw  lead,  at 
a  consumption  of  55  cubic  feet  of  coal  per  5  tons,  of 
ore.  Mixture  for  the  lower  furnaces :  25  cwts.  of  ore,  3  cwts. 
of  furnace  ends,  i  cwt.  of  rich  litharge,  2  cwts.  of  old 
hearth,  175  cwts.  of  iron,  and  10  cwts*  of  iron  refinery  cinders. 
35  cwts.  of  ore  are  smelted  in  24  hours,  yielding  10  cwts. 
18  lbs.  of  raw  lead,  at  a  consumption  of  750  cubic  feet  of 
coal  per  5  tons,  of  ore. 

The  cost  for  smelting  in  the  high  furnaces  is  2S.  per  cwt. 
less  than  in  the  low  furnaces. 

Smelting  process  at  Freiberg.  The  smelting  processes 
formerly  used  {vide  Lampadius,  "  Htlttenkunde,**  Jar's 
"  metallurgische  Reise"  iii.,  663,  Winkler,  "  die  Freiberger 
Schmelzprocesse."  Freiberg,  1837,  &c.)  have  been  consider- 
ably modified  in  the  course  of  time ;  some  are  altogether 
abandoned,  and  new  ones  introduced.  The  most  extensive 
experiments  have  been  made  to  discover  a  means  of  obviating 
the  deleterious  influence  of  the  lead  smoke.  Foreign  silver 
ores  are  bought  and  worked  together  with  the  ores  raised  from 
the  mines  in  the  neighbourhood  of  Freiberg.  The  two 
smelting  works  situated  near  Freiberg  are  called  the  Muldner 
and  the  Halsbrtlckner  Works ;  they  buy  the  ores  from  the 
mines  in  the  Erzgebirge  at  a  fixed  rate.  According  to  v. 
Dechen,*  the  Erzgebirge  contains  1848  veins,  in  which 
silver  ore  occurs  (native  silver,  antimonial  silver,  silver 
glance,  horn  silver,  &c.),  in  181  of  them  silver  ores  are  pre- 
dominant, in  403  of  them  silver  and  lead  ores,  in  465  silver, 
lead,  and  copper  ores,  and  in  849  silver,  cobalt,  and  lead  ores. 
The  veins  in  the  neighbourhood  of  Freiberg  yield  i9-20thsof 
the  whole  produftion  of  silver  of  the  Erzgebirge. 

Those  ores  in  metallurgical  relation  are  divided  thus  : — 

I.  Lead  Ores  ;  galena  associated  with  iron  pyrites, 
arsenical  pyrites,  zinc  blende  and  earthy  substances  (chiefly 
quartz,  calc  spar,  brown  spar,  and  baryta).  Ores  containing 
from  15  to  29  per  cent  of  lead  are  called  lead  ores ;  those 
containing  from  30  per  cent  and  upwards,  glance.    The  lead 

*  V.  CoTTA,  Erzlagerstatten,  ii.,  4.  B.  u.  h.  Ztg.,  1866,  p,  301 ;  1866,  p.  214. 
V.  Dechem,  Statistic  des  nord.  u.  zoUv.  Deutchlands  i.,  758. 
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ores  contain,  on  an  average,  40  lbs.  of  lead  and  0*15  lbs. 
of  silver  per  cwt.,  and  they  amount  to  half  the  quantity 
(25,000  tons)  worked  at  the  smelting  works. 

2.  Earthy  Silver  Ores. — ^These  are  chiefly  earths  contain- 
ing disseminated  silver  ores ;  sometimes  also  iron  pyrites  and 
some  galena.  If  the  silver  they  contain  exceeds  o"io  lb.,  they 
are  worked  with  the  lead  ores,  and  if  they  contain  less  they 
are  submitted  to  the  raw  smelting  process  in  reverberatory 
furnaces.  The  amount  of  silver' in  these  ores  sometimes 
exceeds  2  per  cent. 

3*  Copper  Ores,  with  from  i  to  10  per  cent,  on  an  average 
3  per  cent,  of  copper ;  if  they  do  not  contain  more  than  6  per 
cent,  they  are  worked  together  with  the  lead  ores,  on  account 
of  their  great  amount  of  silver. 

4.  Flux  Ores,  chiefly  iron  pyrites,  arsenical  pyrites,  and 
often  a  great  deal  of  zinc  blende,  quartz,  calc  spar,  con- 
taining less  than  0*03  per  cent  of  silver  and  some  lead  and 
copper.  They  are  converted  into  raw  matt,  and  then  used  as 
fluxes  for  smelting  the  lead  ores.  The  first  three  sorts  of  ore 
are  worked  in  the  form  of  schlich ;  the  latter  ore  is  used 
partly  in  fragments. 

For  roasting  the  ores  they  are  mixed  in  quantities  of  1,500 
to  2,000  cwts.  containing  50  per  cent  of  glance  ore,  30  per 
cent  of  lead  ores  (or  60  per  cent  of  glance  and  20  per  cent  of 
lead  ores),  20  per  cent  of  earthy  silver  ores,  containing  more 
than  o'i2  per  cent  of  silver  ?  or  copper  ores,  with  the  same 
amount  of  silver,  or  furnace  ends,  of  a  similar  richness ;  so 
that  the  mixture  contains,  on  an  average,  from  34  to  38  per 
cent  of  lead,  and  0*15  to  o'i8  per  cent  of  silver. 

Hungarian  furnaces*  and  English  reverberatory  furnaces 
were  formerly  used  for  roasting ;  but,  at  present,  as  the 
evolved  sulphurous  acid  is  used  for  the  produdlion  of 
sulphuric  acid,  the  roasting  is  condudled  in  furnaces  which 
are  a  combination  of  reverberatory  and  mufile  furnaces ;  they 
are  represented  by  Figs.  45, 46, 47, 48,  and  49.  At  Przibram 
they  have  been  advantageously  employed.  At  the  Muldner 
smelting  works  6  of  these  furnaces  lie  in  4  parallel  rows,  one 

*  B.  u.  h.  Ztg.,  1849,  p.  183. 
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behind  another.    A  channel,  /,  communicating  with  all  the 
six  furnaces,  is  constructed  on  the  top  of  each  row,  and  the 

Fig.  45. 


Sedion  through  I  K. 

Fig.  46. 
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Sedion  through  G  H. 

muffles  are  separated  from  it  by  a  brick  division,  six  inches 
high.  The  produfts  of  combustion  are  condufted  from  this 
channel  by  the  flues  h  h\  into  the  horizontal  channel  ky 
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which  leads  to  the  chimney.  The  draught  in  the  channels 
may  be  regulated  by  iron  sliding  doors.  The  channel  con- 
du(5ting  the  sulphurous  acid  from  the  mu£9es  is  made  of 
considerable  length,  in  order  to  allow  the  deposition  of  the 
arsenious  acid  and  of  the  particles  of  ore  dust  which  are 
mechanically  carried  away. 

Fig.  48. 


Sedion  through  A  B. 

Quantities  of  10  cwts.  of  ore  are  roasted  on  the  upper 
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Fig.  49. 


Sedion  through  C  D. 

hearth  for  four  hours  each  at  a  dull  red  heat,  and  afterwards 
for  four  hours  longer  on  the  lower  hearth  at  a  gradually  increas- 
ing temperature,  so  that  the  ore  begins  to  cake.  Each  lot 
of  ore  must  be  assayed,  in  order  that  the  roasted  produfts 
may  not  contain  more  than  4*5  per  cent  of  sulphur.  If  the 
ores  do  not  contain  a  sufficient  quantity  of  pyrites,  they  are 
mixed  up  with  pounded  raw  matt ;  this  prolongs  the  roasting 
process  by  one  hour.  Well  roasted  ore  has  a  blackish,  earthy 
appearance.  Each  furnace  hearth  is  attended  to  by  one 
workman  who  works  eight  hours  at  a  time,  and  about  four  cwts. 
of  coal  are  consumed  in  the  roasting  of  one  lot  of  ore.  The 
roasted  lead  ore  is  mixed  with  roasted  raw  matt  in  quantities 
of  30  to  50  per  cent  of  its'  own  weight,  5  to  8  per  cent 
of  burned  lime*  or  fluor  spar,  and  impure  slags  from  the 
smelting  process,  in  the  proportion  of  i  j  to  i  J  cwts.  of  slags 
to  I  cwt.  ore,  in  the  following  manner : — 

First  spread  out  20  cwts.  of  raw  matt ;  place  upon  it  60 
cwts.  of  roasted  lead  ore ;  upon  this,  poor  lead  ores  richer  in 
silver,  and  unroasted ;  then  2  J-  cwts.  of  lime  or  fluor  spar ;  and, 
finally,  the  slags.  The  burned  lime  contributes  to  a  better  yield 
of  lead,  and  to  the  formation  of  matt  and  slags  poorer  in  lead. 

*  Jahrbuch  f.  d.  Sachs.  Berg,  and  Hattenmann,  1845  p.  55 ;  1846,  p.  xii. 
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If  the  mixture  is  rich  in  silver,  shortly  before  the  raw  lead  is 
tapped,  lead  fluxes  are  added  at  the  comers  of  the  back  wall, 
3  cwts.  of  litharge  or  4  cwts.  of  hearth  being  added  in  24  hours 
to  each  furnace.  This  manner  of  charging  is  said  to  be  more 
efifedlive  for  extracting  silver  than  distributing  the  lead  fluxes 
over  the  slags. 

The  smelting  process  is  carried  on  in  Wellner's  double 
furnaces,  represented  by  Figs.  50,  51,  52,  and  53. 

Fig.  50. 


-    I 

-^1 


1      I       .  I  1 — 


These  furnaces  are  built  of  gneiss  and  fire-bricks,  a  and  b 
are  drains  in  the  foundation  Cy  dis  the  back  wall ;  e,  the 
rough  walling ;  /,  coating  of  fire-bricks ;  g^  front  wall ;  A, 
shafts ;  »,  hearth ;  ft,  tuyeres ;  /,  tuyere  arch;  w,  slag  duft ; 
Oy  sole  formed  of  slags ;  p,  sole  of  loam ;  9,  sole  bottom. 


^ 
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composed  of  a  mixture  of  coke  dust  and  fire  clay ;  r,  sump ; 
s,  wall ;  t,  fore  hearth ;  u,  channel  for  tapping  off  the  metal ; 
V,  outside  basin  for  receiving  the  metal ;  w,  breast  wall ;  x, 
working  holes ;  y,  division  wall ;  and  z,  openings  for  charg- 
ing the  furnace.  The  tuyeres  have  a  slight  inclination,  and 
the  slope  of  the  front  wall  is  from  12  or  15  inches.  At  the 
Muldner  smelting  works,  6  double  furnaces  are  connedled  by 
means  of  a  channel  which  is  built  at  the  top  for  the  purpose 
of  colleAing  the  metallic  fume  and  ore  dust.  The  channel 
leads  into  a  chimney  furnished  with  one  division  wall  for 
each  3  furnaces.  The  hearths  of  the  latter  are  construfted  as 
in  the  sump  furnaces,  and  they  are  composed  of  3  parts  by 
weight  of  loam,  and  2  parts  of  coke  dust. 
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Coke  from  the  Saxony  distridl  is  used  for  fuel,  and  during 
the  smelting  the  mouth  of  the  furnace  is  kept  free  from 
flame ;  a  nose  of  from  4  to  6  inches  long  is  used,  and  the 
pressure  of  blast  is  kept  between  i*8  and  2*2  lines  of  mer- 

FiG.  52. 


23  Feet* 


cury.  The  seftion  of  the  tuyere  being  equal  to  5*2  square 
inches,  the  furnace  receives  from  185  to  213  cubic  feet  of 
cold  blast  per  minute.  If  the  process  proceeds  in  a  normal 
manner,  2  and  4  barrows  of  mixture  of  57  lbs.  each  are 
charged  alternately  with  from  19  to  22  lbs.  of  coke.  If  the 
nose  is  too  long,  2  barrows  of  the  mixture  are  charged  in  suc- 
cession, and  if  too  short,  4  barrows  are  charged  successively 
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without  altering  the  charge  of  coke ;  but,  in  the  latter  case, 
the  charge  is  begun  with  some  barrows  of  mixture.  In  24 
hours  the  lead  is  tapped  off  4  times,  each  furnace  having 
been  charged  with  about  60  cwts.  of  ore,  20  cwts.  of  raw 
matt,  and  from  90  to  100  cwts.  of  lead  slags ;  consuming  from 
24  to  27  cwts.  of  coke.  Three  workmen  attend  to  the  furnace, 
and  an  operation  lasts  20  weeks« 

The  produfts  resulting  in  24  hours  are  on  an  average — 

z.  Raw  Lead,  16  cwts.,  which  contain  from  0*50  to  0*60 
lb.  of  silver  per  cwt.  This  is  refined  in  reverberatory  furnaces, 
and  treated  according  to  Pattinson's  process,  so  as  to  con- 
centrate the  amount  of  silver  into  half  the  original  quantity. 
The  poor  lead  is  sold,  the  rich  lead  cupelled,  and  the  resulting 
silver  refined  to  fine  silver. 

Raw  lead  from  Halsbrttcker  smelting  works  contained; 
according  to  Richter,  96*69  per  cent  of  lead,  0*53  per  cent  of 
silver,  ©•20  per  cent  of  copper,  o*o6  per  cent  of  iron,  1*30  per 
cent  of  arsenic,  and  071  per  cent  of  sulphur.  Refined  raw 
lead  contained  98*46  per  cent  of  lead,  0*64  per  cent  of  silver, 
0*22  per  cent  of  copper,  0*05  per  cent  of  iron,  0*14  per  cent 
of  arsenic,  and  0*3  per  cent  of  sulphur. 
.  2.  Lead  matt,  8  cwts.,  which  contain  0*20  per  cent  of 
silver,  20  lbs.  of  lead,  and  10  lbs.  of  copper. 

Matt  from  the  smelting  of  roasted  ores  contained  25*130 
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per  cent  of  lead,  33*120  per  cent  of  iron,  i2'ioo  per  cent  of 
copper,  o'2oi  per  cent  of  silver,  2*450  per  cent  of  arsenic, 
4753  P®r  cent  of  antimony,  and  19*526  per  cent  of  sulphur. 

Re-smelted  matt  contained  20*250  per  cent  of  lead,  27*052 
per  cent  of  iron,  27*614  per  cent  of  copper,  0*117  per  cent  of 
silver,  i*oio  per  cent  of  nickel,  0*231  per  cent  of  tin,  0*650 
per  cent  of  arsenic,  1*005  per  cent  of  antimony,  and  21*314 
of  sulphur. 

In  order  to  lessen  the  amount  of  lead  and  silver  in  the 
matt,  it  must  be  re-smelted  in  a  double  furnace  at  the  end  of 
each  operation,  having  been  first  pounded,  roasted,  and  mixed 
with  slags  from  the  same  operation,  and  with  hearth  ends* 
20  cwts.  of  roasted  matt  are  mixed  with  about  80  cwts.  of 
these  substances,  and  as  the  smelting  process  is  very  expe- 
ditious, in  24  hours  the  reduced  metal  is  tapped  off  8  or  9 
times.  The  following  are  obtained  from  this  re-smelting 
process : — 

a.  Raw  Lead,  which  is  added  to  the  raw  lead  from  the  ore. 

b.  Modified  Slags,  which  are  treated  like  ore  slags. 

c.  Modified  Matt,  which  is  worked  as  follows : — ^A  mixture 
of  sl^  tons  of  roasted  lead  matt,  10  to  15  cwts.  of  the  sla^ 
of  the  same  process,  20  cwts.  of  the  slags  from  the  reducing 
process  of  litharge,  and  3  cwts.  of  fluor  spar,  and  sometimes 
some  copper  ores  poor  in  silver,  is  smelted  in  a  double  furnace 
in  24  hours;  the  tuyeres  are  placed  perfeftly  horizontal, 
and  the  channel  for  tapping  the  metal  is  put  22  inches  beneath 
the  tuyeres.  This  process  lasts  for  12  or  14  weeks;  from 
18  to  20  cwts.  of  cupriferous  lead  containing  0*75  per  cent  of 
silver,  and  30  cwts.  of  copper  matt  containing  about  30  per 
cent  of  copper  and  o*i8  per  cent  silver,  are  produced  every 
24  hours. 

The  following  is  an  analysis  of  the  copper  matt : 
Pb.        Fe.        Cu.        Ag.        Ni.  Zn.        S. 

24*80      15*20       36*20        0*l6  2*64  21*00 

This  matt  is  roasted  and  worked  again  in  double  furnaces, 
producing  tnatt,  raw  copper,  and  slags  which  are  worked  up 
again  with  the  lead  matt  (vide  Copper).    The  lead  matt  slags 
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are  treated  like  ore  slags ;  they  are  worked  up  in  reverberatory 
furnaces  for  the  production  of  raw  matt,  in  combination  with 
about  one  half  of  roasted  flux  ores,  poor  silver  and  copper  ores 
containing  upwards  of  3  per  cent  of  copper,  and  a  suitable 
amount  of  copper  residues.  The  copper  matt  from  the  second 
smelting  is  treated  partly  by  Augustin's  method  for  the  extrac- 
tion of  its  silver,  the  residues  are  smelted  to  raw  copper,  and 
being  partly  roasted  are  treated  with  sulphuric  acid;  the 
argentiferous  residues  are  worked  up  in  the  lead  smelting 
process,  and  the  lye  water  is  boiled  down  for  the  production 
of  a  mixed  vitriol. 

3.  Speiss.  This  occurs  in  thin  layers  with  the  matt,  from 
which  it  is  easily  separated ;  it  is  composed  of  arsenical  iron, 
nickel,  and  cobalt,  mixed  with  sulphides  of  iron,  copper,  zinc, 
and  lead.  It  must  be  roasted  and  worked  with  lead  fluxes 
for  the  extraction  of  its  silver ;  raw  lead  and  lead  matt  to  be 
worked  by  the  lead  matt  smelting  process,  and  a  speiss  rich 
in  cobalt  and  nickel,  to  be  sold  after  having  been  farther 
refined,  are  thus  produced. 

4.  Lead  Slags.  73  cwts.  of  this  are  produced  from 
5  tons  of  the  mixture,  containing  5  or  6  lbs.  of  lead,  and  about 
0*02  lb.  of  silver  per  cwt.  According  to  Richter,  they  are 
composed  as  follows  (a  is  slag  from  the  Halsbriickner,  and 
b,  from  the  Muldner  Smelting  Works) : — 

a.  28*14  per  cent  of  silica,  578  per  cent  of  alumina,  37*23 
per  cent  of  protoxide  of  iron,  7*68  per  cent  of  lime,  3*87  per 
cent  of  sulphide  of  barium,  0*63  per  cent  of  magnesia,  7*35 
per  cent  of  oxide  of  lead,  7*60  per  cent  of  oxide  of  tin,  0*50 
per  cent  of  copper,  and  2*47  per  cent  of  sulphur. 

6.  27*05  per  cent  of  silica,  6*85  per  cent  of  alumina,  41*21 
per  cent  of  protoxide  of  iron,  8*84  per  cent  of  lime,  0*90  per 
cent  of  magnesia,  3*90  per  cent  of  oxide  of  lead,  8*62  per  cent 
of  oxide  of  tin,  1*00  per  cent  of  oxide  of  copper,  and  3*53  per 
cent  of  sulphur. 

These  slags  were  formerly  re-smelted  at  the  end  of  each 
operation,  but  they  are  now  worked  together  with  flux  ores 
and  poor  earthy  silver  ores,  by  which  smelting  process 
the  greater  part  of  their  metal  collects  in  the  matt,  whilst  the 
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considerable  amount  of  protoxide  of  iron  they  contain  aAs 
advantageously  in  smelting  the  siliceous  ores.  The  raw  matt, 
being  rich  in  iron  and  containing  valuable  metals,  is  a  useful 
flux  in  the  lead  smelting  process. 

The  present  mode  of  working  up  the  lead  slags  combines 
the  advantages  of  giving  a  better  yield  and  of  allowing  the 
time  which  was  formerly  required  for  the  re-smelting  of  the 
slags  to  be  used  for  the  working  of  a  larger  quantity  of  ore. 

If  impure  slags  result  from  the  ore  smelting,  the  amount 
of  metal  they  contain  is  extrafted  by  the  subsequent  smelting 
in  reverberatory  furnaces,  and  the  yield  of  the  first  process 
may  therefore  be  increased  without  disadvantage.  As  the 
slags  are  completely  worked  up,  an  exaft  calculation  of  the 
cost  of  the  different  processes  is  possible. 

The  lead  slag  process  allows  a  decrease  of  the  expensive 
raw  smelting,  and  an  increase  of  the  lead  smelting  process, 
as  the  earthy  silver  ores  which  were  formerly  used  in  raw 
smelting  are  more  extensively  worked  in  lead  smelting. 

The  Raw  Smelting  Process  comprises  the  following 
manipulations : — 

a.  Roasting  the  Flux  Ores.  As  part  of  the  flux  ores 
contain  much  blende,  they  are  roasted  either  in  an  English 
reverberatory  furnace  or  in  a  double  furnace.  In  the  former, 
30  cwts.  are  roasted  in  8  hours,  in  order  to  avoid  an  impure 
smelting,  and  to  produce  less  matt  with  a  suitable  amount 
of  metal;  the  reverberatory  furnaces^  construfted  like  gas 
furnaces,  consume  10  cwts.  of  coal  and  9  cwts.  of  cinders, 
and  the  English  furnaces  with  a  direft  firing,  18  cwts.  of  coal 
in  24  hours.  Two  workmen  attend  to  the  furnace  in  shifts 
of  8  hours.  The  roasted  mass  must  not  contain  more  than 
4'5  per  cent  of  sulphur. 

b.  The  Smelting  of  Raw  Matt  is  conduced  in  reverbera- 
tory furnaces,  as  represented  by  Figs.  54  and  55 ;  a,  is  the 
foundation ;  b,  the  cast  iron  plates ;  c,  the  pillars ;  i,  mantle ; 
e,  fire-place ;  /,  grate,  consisting  of  13  grate  bars  each  2  inches 
square ;  g,  opening  for  charging  the  fuel,  16  inches  high ; 
h,  fire-bridge ;  t,  channel  for  cooling ;  k,  refractory  coating, 
consisting  of  3  parts  quartz  and  i  part  clay,  12  inches  high ; 
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/,  arched  roof  of  the  furnace ;  m,  bottom  made  of  bricks ; 
n,  bottom  formed  of  quartz  and  clay;  0,  channels  for  the 
admission  of  air ;  p,  working  door,  12  inches  square ;  q  and  r, 
side  openings ;  s,  tap  opening ;  t,  opening  for  charging  the 
furnace ;  u^  support  for  the  tools,  coated  with  a  lubricating 
mixture  of  oil  and  graphite ;  w,  support  for  tools  used  for 
lifting  the  grate ;  w,  flue ;  x,  chimney,  66  feet  high.  The 
slope  of  the  hearth  from  the  fire-bridge  to  the  tap-hole,  s,  is 
from  5  to  6  inches.  The  opening  in  the  arch  for  the  flue  is 
of  trapezoidal  section,  11  inches  broad,  2  feet  8  inches  long 
on  the  back,  and  14  inches  long  on  the  front  towards  the 
working  door. 

The  body  of  the  furnace, »,  consisting  of  a  refradlory  mass, 
is  covered  with  a  mixture  of  5  parts  of  quartz  and  i  part  of 
raw  slag,  and  the  hearth  is  formed  by  burning  it ;  then  the 
first  charge  only  of  lead  slags  is  given,  that  the  hearth  may 
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Fig.  55. 
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attain  greater  solidity.  By  means  of  the  movable  charging 
funnel,  charges  of  20  cwts.  of  lead  slags,  5  cwts.  of  raw  and 
5  cwts.  of  roasted  flux  ores  (or  sometimes  instead  of  the 
roasted  ore,  pyrites  previously  burned  in  heaps  or  in  the  manu- 
facture of  sulphuric  acid),  are  now  added  in  such  a  way 
that  the  ore  lies  on  the  top  of  the  slags ;  i  or  2  cwts.  of 
quartz  are  also  added  if  necessary.  The  roasting  mass  is 
then  spread  out  upon  the  hearth  in  such  a  manner  that  the 
layer  is  somewhat  higher  near  the  fire-bridge,  and  is  smelted 
in  2}  hours,  when  the  grate  is  cleared  and  the  fire  stirred 
for  about  half  an  hour ;  the  atmospheric  air  is  excluded  as 
much  as  possible  during  the  whole  process.  The  liquid  mass 
is  then  stirred  and  again  heated  by  a  fierce  fire  for  about  a 
quarter  of  an  hour,  whilst  the  working  door  is  kept  closed ; 
then  the  slag  is  drawn  out  from  the  working  door.  The  slag 
first  runs  into  moulds  of  sand  upon  the  floor  of  the  smelting 
house,  and  thence  into  moulds  of  cast  iron,  2  feet  long  and 
I  foot  broad  and  high.    By  letting  part  of  the  new  charge 
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pass  over  the  hearth,  the  slags  accumulate  against  the 
working  door,  and  thus  they  may  be  more  perfeftly  removed. 
After  having  treated  two  more  charges  in  a  similar  manner 
(two  or  three  times  in  34  hours),  the  raw  matt  produced  is 
tapped  off,  by  5,  into  iron  moulds  4  feet  long,  18  inches  broad, 
and  10  inches  deep ;  the  tap-hole  is  then  closed,  the  fire- 
bridge and  hearth  repaired  with  a  mass  consisting  of  five 
parts  of  refradtoiy  clay,  and  two  parts  of  quartz,  and  the 
smelting  process  is  re-commenced.  In  operations  of  about 
twelve  months,  in  twenty-four  hours  about  5I  tons  of  slate 
coal  are  consumed  for  the  produftion  of— 

a.  2  tons  of  Raw  Matt,  containing  from  0*15  to  0*20  lb.  of 
silver,  8  or  lo  lbs.  of  lead,  and  4  or  5  lbs.  of  copper  per  cwt.; 
if  the  matt  contains  a  greater  amount  of  zinc  blende,  it  has 
a  granular,  laminated,  black  fraAure  of  some  lustre,  and 
possesses  a  certain  solidity  and  density,  in  consequence  of 
which  it  is  difficult  both  to  roast  and  to  fuse.  Some  powdered 
coke  and  fluor  spar  were  formerly  added  before  the  tapping 
off  of  the  matt,  with  very  good  effeft,  the  coke  then  reducing 
some  peroxide  of  iron  from  the  roasted  flux  ores,  and 
the  reduced  iron  extracting  some  zinc  which  became 
volatilised ;  the  fluor  spar  assisted  the  formation  of  slags. 
But  as  this  treatment  both  prolonged  the  smelting  process 
and  caused  a  greater  consumption  of  fuel,  also,  as  the  slag 
became  pasty,  rendering  the  separation  of  the  matt  more 
difficult,  and  as  greater  loss  of  lead  and  silver  took  place,  it 
was  abandoned,  and  the  attainment  of  a  purer  reverbe- 
ratory  furnace  matt  has  been  attempted  by  a  more  perfedt 
roasting  of  the  flux  ores»  Sometimes  the  raw  matt  has  a 
certain  amount  of  slag  and  per-  and  protoxide  of  iron  mixed 
up  with  it. 

The  reverberatory  furnace  raw  matt  is  composed,  according 
to  an  analysis  by  Richter,  of  53*81  per  cent  of  iron,  7*65  per 
cent  of  tin,  7*35  per  cent  of  lead,  3*87  per  cent  of  copper, 
0*84  per  cent  of  arsenic  and  antimony,  23*43  per  cent  of 
sulphur,  and  2*ii  per  cent  of  silica. 

These  matts  are  compounds  of  FeS  with  more  or  less 
FcaS  and  PbS,  CuaS,  ZnS  and  AgS,  and  are  sometimes 
mixed  with  (Fe,  Ni,  €0)4  As. 
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The  matt  must  be  crushed  into  pieces  the  size  of  the  fist, 
and  roasted  in  mounds  before  it  is  in  a  condition  to  be  used. 
Well  roasted  raw  matt  has  a  greyish  black,  dull  appear- 
ance, 

b.  Furnace  Hearth. — This  is  worked  up  in  the  lead 
smelting  process. 

c.  Slags  containing  on  an  average  i  lb.  of  lead  and 
€•003  lb.  of  silver  per  cwt.  These  are  mixtures  of  mono- 
and  bi-silicates.  They  are  either  thrown  away  or  are 
moulded  into  bricks  of  3  cwts.  each  for  building  purposes. 

Such  a  slag  from  the  Halsbriickner  smelting  works  was, 
according  to  Richter,  composed  of  36*04  per  cent  of  silica, 
5'38  per  cent  of  alumina,  42*60  per  cent  of  protoxide  of 
iron,  6*29  per  cent  of  lime,  171  per  cent  of  oxides  of 
magnesium  and  manganese,  0*24  per  cent  of  sub-oxide  of 
copper,  1*34  per  cent  of  oxide  of  lead,  4*66  per  cent  of 
oxide  of  tin,  and  1*47  per  cent  of  sulphur. 

In  the  year  1859,  23,220  tons  of  ores  (amongst  them 
130  tons  of  foreign  ores),  containing  on  an  average  o*i29i  lb. 
of  silver  per  cwt.  were  worked  at  the  smelting  works  near 
Freiberg.  They  yielded  23*5655  lbs.  of  fine  gold,  60546*0070 
lbs.  of  fine  silver,  1578*2824  cwts.  of  refined  copper,  297  cwts. 
of  copper  vitriol,  32  cwts.  of  mixed  vitriol,  27*475  cwts.  of 
assay  lead,  51521*76  cwts.  of  soft  lead,  4120*6  cwts.  of  hard 
lead,  4900*4  cwts.  of  red  litharge,  7697*04  cwts.  of  yellow 
litharge,  709*58  cwts.  of  black  litharge,  and  3*15  cwts.  of  lead 
smoke.  In  the  manufadlure  of  sulphuric  acid  there  were 
produced :  1236*72  cwts.  of  sulphuric  acid,  887*71  cwts.  of 
iron  vitriol,  8*35  cwts.  of  arsenical  sulphur,  255*35  cwts.  of 
raw  chamber  acid,  and  3*40  cwts.  of  lead  pan  acid. 

At  the  silver  smelting  works  in  Lower  Hungary  the  ores 
used  are  silver  ores  (silver  glance,  and  more  rarely  red  silver 
ore  and  native  silver)  and  lead  ores.  The  matrices  consist 
of  quartz,  clay,  limestone,  zinc  blende,  manganese,  spar,  iron 
pjrrites  containing  gold  and  silver,  copper  pyrites  very 
seldom,  and  in  some  cases  sulphide  of  antimony.  There  is 
more  quartz  than  lime. 
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The  composition  of  the  ores  is  shown  by  the  following 
analysis,  made  in  the  laboratory  at  Schemnitz : — 

Poor  lead  ores  from  the  Ferdinands  mine  contained  2"86 
per  cent  of  copper,  4'io  per  cent  of  lead,  0*0003835  per  cent 
of  gold,  0*0557215  per  cent  of  silver,  3*14  per  cent  of  tin, 
6*40  per  cent  of  iron,  4*33  per  cent  of  manganese,  0*34  per 
cent  of  antimony,  5'2i  per  cent  of  sulphur,  6o'87  per  cent  of 
silica,  5*69  per  cent  of  alumina,  3*81  per  cent  of  lime,  0*90 
per  cent  of  magnesia,  0*04  per  cent  of  soda,  and  0*19  per  cent 
of  potash,  with  a  trace  of  arsenic. 

Schlich  from  the  mines  of  Segengottes  and  Schmidterinn 
contained  0*9  per  cent  of  copper,  07  per  cent  of  lead,  o'ooi42 
per  cent  of  gold,  0*02467  per  cent  of  silver,  8*3  per  cent  of 
tin,  20'2  per  cent  of  iron,  8*3  per  cent  of  manganese,  117  per 
cent  of  sulphur,  367  pei;  cent  of  silica,  5*1  per  cent  of  alumina, 
5*2  per  cent  of  magnesia,  and  traces  of  arsenic  and  lime. 
Mixed  pyritic  schlich  contained  I'o  per  cent  of  copper,  0*6  per 
cent  of  lead,  0*000832  per  cent  of  gold,  0*081508  per  cent  of 
silver,  o'8  per  cent  of  tin,  25  per  cent  of  iron,  47  per  cent  of 
manganese,  187  per  cent  of  sulphur,  31*9  per  cent  of  silica, 
12*6  per  cent  of  alumina,  3*2  per  cent  of  lime,  1*3  per  cent  of 
magnesia,  and  a  trace  of  arsenic. 

Schlich  from  pyrites  contained  15  to  39  per  cent  of  silica, 
16  to  83  per  cent  of  sulphide  of  iron,  0'8  to  14  per  cent  of 
peroxide  of  iron,  3  to  6  per  cent  of  oxide  of  lead,  o'i2  to  1*5 
per  cent  of  oxide  of  copper,  0*5  to  37  per  cent  of  sulphide  of 
zinc,  48  to  66  per  cent  of  sulphides  for  forming  matt,  and 
from  o'oo6  to  0*035  ^^*  ^^  auriferous  silver,  i  lb.  of  which 
contains  from  0*015  to  0*4  lb.  of  gold. 

The  silver  ores  and  silver  schlich  are  divided  according 
to  whether  they  contain  sulphides  or  are  free  from  them, 
and  again  according  to  their  amount  of  auriferous  silver ;  that 
is  to  say,  into  those  containing  from  0*002  to  o*i  lb.,  those 
containing  from  o*i  to  0*2  lb.,  and  those  containing  from 
0*21  lb.  per  cwt.  and  upwards.  The  amount  of  gold  in  these 
ores  is  from  0*006  to  0*05  lb.  per  pound  of  auriferous  silver. 

Lead  ores  and  schlich  contain  on  an  average  44  per  cent 
of  lead,  0*0352317  per  cent  of  silver,  and  0*0000083  per  cent 
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of  gold,  and  o*oio  to  o'iSo  lb,  gold  per  lb.  of  auriferous 
silver.  They  are  worked  in  the  proportion  of  41  parts  to  59 
of  the  other  ores. 

The  lead  ores  are  principally  used  for  extrafting  the  silver 
from  the  silver  ores  {vide  Silver);  the  raw  lead  resulting  from 
this  process  is  cupelled,  and  the  argentiferous  copper  matt  is 
worked  at  Tajowa. 

Those  lead  ores  which  are  not  worked  for  the  produdlion 
of  argentiferous  lead,  are  submitted  to  the  following  ordinary 
lead  smelting  process : — 

The  lead  ores  and  lead  schlich  are  roasted  in  a  reverbera- 
toiy  furnace  at  a  low  temperature,  combined  with  some 
schlich  rich  in  silver.  The  hearth  of  that  furnace  is  of  a 
peculiar  form,  consisting  of  two  parts, — ^that  near  the  grate 
measuring  5^^  feet  by  6^  feet,  and  the  other  part,  forming 
the  continuation  of  the  first  one  towards  the  flue,  9^^  feet 
long  and  5  feet  broad.  The  furnace  is  of  the  usual  construc- 
tion. On  the  top  of  the  furnaces  are  construAed  channels 
for  retaining  the  ore  dust  which  is  carried  away  by  the 
draught.  Lots  of  from  500  to  560  lbs.  of  ore  are  first  roasted 
at  a  very  low  temperature  on  part  of  the  hearth  near  the 
flue,  for  2  or  3  hours,  and  afterwards  on  the  hearth  near  the 
grate  for  half  an  hour  or  i  hour,  at  an  increased  temperature. 

The  smelting  of  the  roasted  ores  is  performed  with  ore 
slags  in  sump  furnaces*  18  feet  high,  and  furnished  with  2 
tuyeres. 

From  8  to  10  tons  of  ore  and  schlich  are  worked  each 
week,  consuming  about  1,200  cubic  feet  of  charcoal.  The 
yield  is  from  88  to  90  per  cent  of  raw  lead,  with  0*3  to 
0*5  lb.  of  auriferous  silver,  8  to  14  lbs.  of  lead,  and  2  to 
3  lbs.  of  copper ;  some  furnace  ends ;  slags  containing  0*0005 
to  o'oo2  lbs.  of  silver,  and  J^  to  i  J  lb.  of  lead,  if  the  process 
goes  on  properly. 

At  Holzappel,  in  Nassau,  the  galena  is  associated  with  zinc 
blende,  white  lead  ore,  copper  pyrites,  and  fallow  ore,  and 
with  a  great  proportion  of  spany  iron  ore  and  quartz,  and 

♦  Oesterr.  Ztschrft,  1857,  P»  332. 
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with  less  calc  spar,  iron  pyrites,  and  antimonial  and  arsenical 
compounds.  After  a  most  perfeft  dressing  of  the  ore,  and 
as  complete  a  separation  as  possible  of  the  saleable  zinc 
blende,  the  ores  are  finely  pounded  by  rollers,  and  mixed 
with  the  schlich  and  finer  fragments,  so  as  to  form  a  mixture 
of  65  to  68  per  cent  of  galena,  15  to  18  per  cent  of  zinc  blende, 
15  to  18  per  cent  of  sparry  iron  ore  and  quartz,  together  with 
a  small  amount  of  copper  pyrites. 

Reverberatory  furnaces  are  used  for  roasting  the  ores; 
these  furnaces  have  hearths  20  to  23  feet  long  and  6  to  7  feet 
broad,  and  are  furnished  with  5  working  doors.  In  24  hours 
3  tons  of  ore  are  roasted,  in  portions  of  J  ton  every  6  hours, 
which  are  gradually  moved  upwards  from  the  charging 
opening  to  the  fire-bridge.  The  loss  in  this  process  amounts 
to  9  or  10  per  cent ;  taking  into  consideration  J  per  cent  of 
virgin  lead,  which  is  extradled  during  roasting,  the  roasting 
mass  contains  about  4  per  cent  of  sulphur,  and  from  54  to 
55  per  cent  of  lead. 

A  mixture  of  37!  cwts.  is  formed  of  15  cwts.  of  roasted  ore, 
I  cwt.  of  brown  and  white  lead  ore,  150  lbs.  of  refinery 
hearth,  100  lbs.  of  metallic  fume,  12  cwts.  of  lead  slags,  3  cwts. 
of  iron  refinery  cinders,  i  cwt.  of  sparry  iron  ore  containing 
galena  from  the  dressing  tables,  2  cwts.  of  limestone,  i  cwt. 
of  brown  iron  ore  containing  manganese  and  white  lead  ore, 
and  25  lbs.  of  iron  in  the  form  of  scraps  and  washings ;  the 
amount  of  this  last  is  increased  if  raw  ores  are  smelted  in- 
stead of  roasted  ores.  In  24  hours  from  4  to  5  of  these 
mixtures  are  charged,  each  with  5  cwts.  of  coke.  Vogl's 
sump  furnaces,  13  feet  high,  are  used,  in  which  each  opera- 
tion lasts  4  weeks.  The  smelting  process  is  carried  on  with 
a  nose  from  4  to  5  inches  long.  One  furnace  yields  daily 
from  2 J  to  2 J  tons  of  raw  lead,  containing  2  ounces  of  silver. 
The  slags  contain  from  f  to  i  per  cent  of  lead;  Vogl's 
furnaces,  18  or  20  feet  high,  and  furnished  with  two  tuyeres, 
have  been  used  of  late. 

At  Lohe,  Miisen,  and  Rothenbach,  the  following  ores  from 
the  Stahlberg  are  worked : — Galena,  with  disseminated  fal- 
low ore,  zinc  blende,  and  copper  pyrites,  containing  from  50 
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to  60  per  cent  of  lead,  and  from  2  to  2 J  ounces  of  silver;  fal- 
low ore,  associated  with  sparry  iron  ore,  containing  from  2J 
to  3  ounces  of  silver ;  and  copper  pyrites  with  more  or  less 
silver.  The  chief  gangues  are  sparry  iron  ore,  quartz,  and 
baryta ;  zinc  blende,  iron  pyrites,  nickel  and  antimonial  ore, 
white  lead  ore,  malachite,  &c.,  occur  in  smaller  quantities. 

At  Masen  and  Rothenbach  the  lead  ores  are  roasted  in 
pyramidal  heaps  of  16  to  18  feet  in  the  base,  and  from  3  to  5 
feet  high,  in  quantities  of  60  tons,  upon  a  layer  of  wood, 
coal,  and  coke  rubbish,  8  inches  high.  3  or  4  layers  of  ore 
from  10  to  12  inches  deep  are  placed  alternately  with  layers 
of  charcoal  4  inches  thick.  Ores  in  the  form  of  schlich  and 
coarser  grains  are  mixed  with  lime,  and  put  in  separate 
layers  upon  the  ores  in  fragments.  By  means  of  bundles  of 
wood  a  flue  is  formed  in  the  middle  of  the  heap.  The  heap 
bums  out  in  about  3^  or  4  weeks,  or  during  winter  time  in 
from  4  to  6  weeks,  and  then  a  second  firing  is  given  for  about 

4  weeks ;  the  roasted  ores  contain  from  J  to  i  ounce  of  silver, 
and  from  40  to  55  lbs.  of  lead  per  cwt.    The  cost  of  roasting 

5  tons  of  ore  is  about  £i  8s.  5d. 

Sandmann's  analysis  shows  the  fallow  ores  to  be  composed 
of  38"4i  per  cent  of  copper,  2*29  per  cent  of  iron,  6*50  per 
cent  of  tin,  0*69  per  cent  of  silver,  4*98  per  cent  of  arsenic, 
1971  per  cent  of  antimony,  25'52  per  cent  of  sulphur,  o^S 
per  cent  of  silica,  and  a  trafie  of  nickel.  They  are  roasted 
in  mounds  from  13  to  17  feet  long,  8  feet  broad,  and  5J  feet 
high ;  the  foundation  is  of  fuel,  and  the  intermediate  layers 
are  placed  as  when  roasting  in  heaps.  A  space  3  inches  wide 
is  left  on  the  surrounding  walls,  which  is  filled  up  with  wood ; 
two  perpendicular  flues  are  made  in  the  middle  of  the  mound. 
From  20  to  25  tons  of  ore  are  roasted  in  from  2  to  5  weeks, 
according  to  the  amount  of  pyrites  they  contain ;  the  cost 
for  roasting  5  tons  of  fallow  ore  is  about  £i  7s.;  the  roasting 
of  5  tons  of  copper  ore  costs  12s.  6d. 

At  the  Mttsener  smelting  works  the  mixture  consists  of 
10  cwts.  of  twice  roasted  lead  ore,  2^  cwts.  of  once  roasted 
fallow  ore,  0*5  cwt.  of  iron,  0*4  cwt.  of  iron  refinery  cinders, 
and  13^  cwts.  of  lead  slags ;  that  at  Rothenbach,  where  the 
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ores  contain  a  larger  quantity  of  baryta,  consists  of  10  cwts. 
of  twice  roasted  lead  ore,  6  cwts.  of  once  roasted  fallow  ore, 
I  cwt.  of  iron,  15  cwts.  of  lead  slags,  and  1^  cwts.  of  ferrugi- 
nous copper  pyrites.  When  a  great  proportion  of  fallow  ore 
is  to  be  worked,  the  following  mixture  is  used : — zo  cwts.  of 
twice  roasted  lead  ore,  10  cwts.  of  once  roasted  fallow  ore, 
z  cwt.  of  iron,  15  cwts.  of  lead  slags. 

The  proportion  of  the  produce  in  lead  and  matt,  of  the  first 
mixture  is  as  5  to  2,  of  the  second  as  2  to  i,  and  of  the  last 
as  7  to  8. 

The  refinery  cinders  contain  from  25  to  30  per  cent  of 
silica  and  67  to  70  per  cent  FeO  (=  47  to  55  per  cent  of 
iron);  the  iron  used  contains  90  per  cent  of  metal :  therefore 
i}  cwts.  of  cinders  are  equal  to  i  cwt.  of  iron;  i  cwt.  of  the 
latter  costs  3s.,  and  i  cwt.  refinery  cinders  gd. 

The  smelting  of  the  ores,  with  coke  for  fuel,  is  performed 
either  in  a  low  cupola  furnace  from  6  to  8  feet  high  above 
the  tuyere,  or  in  very  low  cupola  furnaces,  4  to  4J  feet  high 
above  the  tuyeres.  The  latter  furnaces  are  charged  with 
270  to  300  lbs.  of  mixture  upon  25  lbs.  of  coke ;  thus  12  lbs. 
of  mixture  are  smelted  by  z  lb.  of  coke.  The  higher  furnaces 
are  charged  with  750  lbs.  of  mixture  upon  50  lbs.  of  coke, 
or  Z5  lbs.  mixture  to  each  pound  of  coke. 

In  this  smelting  are  produced — 

a.  Raw  Lead,  containing  from  z  to  z^-  per  cent  of  copper, 
3  to  4  per  cent  of  antimony  and  arsenic,  besides  some  par- 
ticles of  matt ;  the  amount  of  silver  varies  from  3  to  6,  or 
even  7  ounces  per  cwt. 

6.  Lead  Matt,  containing  about  35  per  cent  of  lead,  5  or 
6  per  cent  of  antimony  and  arsenic,  6  or  8  per  cent  of  copper, 
and  2  or  3  ounces  of  silver.  The  amount  of  silver  in  raw  lead 
stands  in  proportion  to  that  in  the  matt  as  2  to  3  ;  thus  the 
raw  lead  is  1]^  times  as  rich  as  the  matt. 

c.  Speiss,  sometimes. 

i.  Metallic  Fume,  containing  from  30  to  40  per  cent  of 
lead,  and  about }  an  ounce  of  silver. 

e..  Lead  Slags. — If  these  are  pure  mono-silicates,  they 
contain  from  i^  to  2,  and  sometimes  3  percent  of  lead. 

L  2 
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The  process  for  working  up  the  lead  matt  is  intended  to 
extra<a  the  lead  and  silver  as  perfeftly  as  possible,  and  to 
concentrate  the  copper  into  a  matt. 

The  lead  matt  is  twice  roasted,  together  with  the  first 
dross  from  the  cupelling  process,  which  contains  40  to  50 
per  cent  of  lead,  6  to  8  per  cent  of  copper,  and  9  or  10  per 
cent  of  antimony  and  arsenic.  The  roasting  is  performed  in 
heaps,  the  first  operation  lasts  from  8  to  14  days,  and  the 
second  8  days. 

First  Lead  Matt  Smelting. — The  roasting  mass  is  mixed 
with  unroasted  furnace  ends  from  all  the  different  smelting 
processes,  and  sometimes  even  with  roasted  argentiferous 
copper  ores.  No  addition  of  iron  is  made,  in  order  to  reduce 
the  amount  of  silver  in  the  matt,  and  to  produce  less  basic 
slags.  The  following  mixtures  are  used : — At  Miisen  gj  cwts. 
of  lead  matt,  J-^a  cwt.  of  dross,  from  2  to  3  cwts.  of  metallic 
soot,  from  2  to  3  cwts.  of  copper  ore,  and  7J  cwts.  of  lead 
ore  slags ;  at  Rothenbach,  9  cwts.  of  lead  matt,  i  cwt.  of 
dross,  3J  cwts.  of  metallic  soot,  and  7J  cwts.  of  lead  ore 
slags  ;  and  at  Lohe,  8  cwts.  of  lead  matt,  2  cwts.  of  dross, 
2  cwts.  of  metallic  soot,  4J  cwts.  of  copper  ore,  and  loj  cwts. 
of  lead  ore  slags.  The  smelting  process  is  performed  in  low 
cupola  furnaces,  and  gives  a  better  result  when  commenced 
in  a  furnace  that  has  been  just  used  for  reducing  litharge, 
&c.,  and  is  still  hot.  From  12  to  15  barrows  of  mixture  of 
30  lbs.  each  are  charged  upon  25  lbs.  of  coke,  or  12  to  14  lbs. 
of  mixture  to  i  lb.  of  coke.  In  a  furnace  with  one  tuyere 
2  tons  of  mixture  without  slags  are  smelted  daily,  and  in  a 
furnace  with  2  tuyeres  from  2J  to  3  tons,  consuming  from 
4J  to  6  cwts.  of  coke.  The  produce  are  :  Raw  Lead  with  4  or 
5  ozs.  of  silver,  containing  more  antimony  and  copper  than 
that  resulting  from  the  ore  smelting ;  Lead  Matt  with  20 
per  cent  of  lead,  15  to  20  per  cent  of  copper,  and  2J  to  3 
ounces  of  silver;  Metallic  Soot  and  Slags,  containing  i  to  1} 
per  cent  of  lead.  The  second  lead  matt,  like  the  first,  is 
twice  roasted.  The  roasted  matt  is  then  smelted,  either 
by  itself  or  with  roasted  argentiferous  copper  ore,  and  if 
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necessary  with  an  addition  of  clay  slate.    Such  a  mixture 
contains : — 

10      cwts.  second  lead  matt. 

3  to  5  „      copper  ores. 
o'2      y,      clay  slate. 

9         ,,      lead  ore  slags. 

The  smelting  is  also  conduced  in  low  cupola  furnaces  still 
hot  from  the  previous  operation.  From  2  to  2J  tons  of  the 
mixture  without  slags  are  smelted  in  24  hours,  consuming 
6  or  7  cwts.  of  coke,  and  jdelding — 

Raw  lead  with  5  or  6  ounces  of  silver,  lead  matt  contain- 
ing from  10  to  15  per  cent  or  more  of  lead,  from  30  to  50  per 
cent  of  copper,  and  from  2J  to  3  ounces  of  silver  per  cwt. ; 
the  slags  are  used  as  flux  in  the  ore  smelting  process. 

The  third  matt .  is  worked  up  again  in  the  following 
way.  If  it  contains  more  than  12  per  cent  of  lead  it  is 
roasted  like  the  first  and  second  lead  matt,  and  smelted  in 
the  following  mixture — 

10      cwts.  third  lead  matt. 

4  to  6  „      copper  ores. 
10*5       „       lead  ore  slags. 

The  resulting  raw  lead  contains  from  5  to  6  ounces  of 
silver,  containing  more  copper,  but  less  antimony  than  the 
former  sorts.  The  copper  matt  containing  from  45  to  50 
per  cent  of  copper,  from  5  to  10  per  cent  of  lead,  and  from 
2j  to  3J  ounces  of  silver,  is  submitted  to  three  successive 
smelting  operations,  mixed  up  with  such  quantities  of  litharge 
or  hearth  that  J-  ounce  of  silver  corresponds  respeftively  to 
8,  12,  and  15  lbs.  of  lead,  and  so  that  the  extraction  of  silver 
takes  place  in  the  proportion  of  4 :  2 :  i ;  by  which  opera- 
tion the  copper  matt  containing  originally  3  ounces  of  silver 
will  at  last  contain  only  about  J  an  ounce.  Litharge  is 
only  employed  when  hearth  ends  are  not  to  be  had.  The  latter 
require  an  addition  of  clay  slate. 

The  following  mixtures  are  used  in  the  first  process  for 
extrafting  silver  from  the  copper  matt : — 10  cwts.  of  copper 
matt,  8i  cwts.  of  hearth,  from  0*25  to  0*50  cwts.  of  clay  slate, 
and  12  cwts.  of  lead  slags;  or  10  cwts.  of  copper  matt, 
6i  cwts.  of  litharge,  and  loj  cwts.  of  slag. 
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In  24  hourSy  40  cwts.  of  copper  matt  and  50  cwts.  of  copper 
ore  slags  are  worked  in  low  cupola  furnaces  with  one  and 
two  tuyeres^  consuming  about  6  cwts*  of  coke,  giving  raw  lead 
with  3  to  3^^  ozs.  of  silver,  and  copper  matt  containing  about 
li  ozs.  of  silver. 

The  following  is  the  mixture  for  the  second  process: — 
10  cwts.  of  matt,  from  i  to  2  cwts.  of  copper  ores,  5*1  cwts. 
of  hearth,  0'8  cwts.  of  clay  slate,  and  12  cwts.  of  lead  slags ; 
or  10  cwts.  of  matt,  from  i  to  2  cwts.  of  copper  ores,  4  cwts. 
of  litharge,  and  loj  cwts.  of  lead  slags. 

This  process,  like  the  former,  gives  raw  lead  with  about 
2]t  ozs.  of  silver,  and  copper  matt  with  about  i  ounce  of 
silver  per  cwt. 

For  the  third  smelting  process  the  mixture  is  10  cwts.  of 
copper  matt,  6*6  cwts.  of  hearth,  from  2  to  3  cwts.  of  copper 
ores  poor  in  silver,  12  cwts.  of  lead  slags,  and  from  0*2  to 
o'3  cwts.  of  iron  refinery  cinders.  The  resulting  copper  matt, 
containing  about  ]t  oz.  of  silver,  is  smelted  at  the  copper 
works. 

In  i860  were  produced  at  Lohe,  2,117  lbs.  of  silver,  71  tons 
of  lead,  506  tons  of  litharge,  and  28  tons  of  copper  ;  at 
Miisen,  836  lbs.  of  silver,  15  tons  of  lead,  142  tons  of  litharge, 
and  20  tons  of  copper;  and  at  Rothenbach,  i>940  lbs.  of 
silver,  35  tons  of  lead,  69  tons  of  litharge,  and  26  tons  of 
copper. 

The  roasting  reduction  process  is  also  used  in  different 
French  smelting  works,  as  shown  in  the  following  examples : 
At  Pontgibaud.*  Here  the  lead  ores  are  worked  in  the 
form  of  schlich,  and  associated  with  blende,  iron  pyrites, 
quartz,  baryta,  and  felspar.  The  treatment  of  these  ores  is 
difficult  on  account  of  their  containing  so  little  lead  in  com- 
parison with  their  silver,  t  They  contain  on  an  average  from 
25  to  36  per  cent  of  lead,  and  from  12  to  17  ozs.  of  silver  in 
2  cwts.  of  raw  lead. 

*  Erdmann,  Jour.,  f.  <$k.  u.  techn.  Chem.»  xiii.,  ao8.  Ann.  d.  min.  4  s^r., 
5  livr.  de  1851.    B.  u.  h.  Ztg.,  S85Z,  No.  17. 

t  COTTA,  Erzlagentatten,  ii.;  418.    B.  a.  h.  Ztg.  1858.  p.  32. 
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The  ores  are  roasted  in  reverberatoiy  furnaces  with  two 
hearths,  one  above  the  other.      In  Figs.  56,  57,  and  58 

Fig.  56. 

II 


Fig.  58. 


a,  is  the  upper  hearth ;  b,  the  working  doors ;  c,  the  hearth 
for  caking  the  ores  after  they  have  been  roasted  in  the  upper 
hearth ;  d,  the  channel  for  conveying  the  roasting  mass  from 
the  upper  hearth  to  the  lower  one,  and  for  passing  the  flame 
to  the  upper  hearth;  the  hearth,  c,  consists  of  fire-bricks 
coated  with  a  layer  of  lime  and  sand,  o'lo  metre  thick;  e, 
the  working  doors;  /,  fire-bridge;  g,  grate;  A,  door  for  charg- 
ing coal ;  f ,  flues ;  k,  condensation  chamber,  from  which  the 
gases  and  metallic  fume  either  enter  the  chimney,  /,  or  pass 
by  means  of  a  channel,  n,  into  another  chimney ;  this  last 
channel  is  intended  to  condense  the  fume. 

This  furnace  consumes  little  fuel,  and  efie(5ts  a  most  perfeA 
roasting. 

In  24  hours,  7*2  tons  of  ore  are  roasted,  causing  a  loss  of 
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from  II  to  12  per  cent ;  6*3  to  6*5  tons  of  ore  in  form  of  cakes, 
require  from  1-9  to  2*0  tons  of  coal,  amounting  to  from  30  to 
31  per  cent  of  the  roasted  ore. 

A  roasting  mass,  which  was  vitreous,  of  porphyry-like 
texture,  and  free  from  visible  galena,  containing  according 
to  the  dry  assay,  35  per  cent  of  lead,  and  about  2  ounces  of 
silver  per  cwt.  was  shown  by  analysis  to  be  composed  as 
follows : — 

1*5  per  cent  of  oxide  of  lead,  0*6  per  cent  of  oxide  of  tin, 
07  per  cent  of  protoxide  of  iron,  7*4  per  cent  of  sulphate  of 
baryta,  67  per  cent  of  sulphate  of  lead,  1*4  per  cent  of  sulphide 
of  lead,  24*1  per  cent  of  silica,  34*1  per  cent  of  oxide  of  lead, 
combined  with  silica,  3*3  per  cent  of  oxide  of  tin,  combined 
with  silica,  16*3  per  cent  of  peroxide  of  iron,  combined  with 
silica,  I '3  per  cent  of  magnesia,  soda,  and  potash,  and  1*0 
per  cent  of  lime  and  of  baryta,  the  latter  also  combined  with 
silica  ;  besides  traces  of  antimony  and  arsenic. 

The  smelting  furnaces  are  i'6  metre  high  above  the 
tuyere,  0*45  metre  deep  beneath  the  tuyere,  0*9  metre,  and 
o*6  metre  wide.     One  mixture  consists  of — 

20  cwts.  of  roasted  ore,  2  cwts.  of  fluor  spar,  4,^  cwts.  of 
limestone,  2  cwts.  of  iron,  J  cwt.  of  hearth,  scum,  and 
residues,  and  10  cwts.  of  old  righ  slags ;  altogether  39  cwts. 

This  is  worked  in  8  hours,  consuming  3  cwts.  of  coke,  and 
producing  25  parts  of  raw  lead  from  100  parts  of  ore ;  the 
operation  lasts  from  40  to  50  days. 

The  resulting  produdls  are — 

1.  Raw  Lead,  with  96  per  cent  of  lead,  and  upwards  of 
8J^  ounces  of  silver  per  cwt.  The  silver  is  e^tradted  by  the 
cupelling  process,  the  resulting  silver  re-melted  in  crucibles, 
the  red  litharge  rolled  in  order  to  separate  the  grains  of  lead 
mixed  up  with  it ;  the  more  compact  litharge  is  ground  and 
washed,  and  the  impure  litharge  is  ground,  washed,  and  re- 
duced to  lead ;  the  scum  a^id  hearth  are  added  to  the  mixture 
of  the  ore  smelting. 

2.  Lead  Matt  is  only  produced  when  the  roasting  process 
is  badly  conducted ;  it  contains  63  to  76  per  cent  of  lead, 
and  about  3  ozs.  of  silver  per  cwt. 
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3.  SlagSy  usually  containing  i  to  3  per  cent  of  lead. 

4.  Metallic  Fume,  containing  56  to  62  per  cent  of  lead, 
and  I  to  1^  ozs.  of  silver  per  cwt.  In  24  hours  three 
furnaces  smelt  from  9  to  10  tons  of  roasted  ore,  producing 
from  2'5  to  3*0  tons  of  raw  lead. 

At  Vialas.*  Here  the  lead  ores  are  associated  with 
quartz  and  clay  slate,  also  with  blende,  iron  pyrites,  lime, 
sparry  iron  ore,  and  baryta,  but  in  smaller  quantities  ;lthey 
contain  when  dressed,  42  per  cent  of  lead  and  7^  ozs.  of 
silver  per  cwt. 

The  crushed  ores  are  roasted  in  reverberatory  furnaces 
with  one  hearth,  in  lots  of  i  ton,  mixed  with  160  lbs.  of 
fume  and  of  intermediate  plumbiferous  produfls  of  the  opera- 
tions of  the  year  before ;  the  temperature  of  the  furnace  must 
be  so  regulated  that  the  mass  does  not  completely  fuse.  As 
soon  as  part  of  the  charge  is  sufficiently  caked,  it  is  removed 
from  the  furnace,  and  the  remainder  is  moved  nearer  the 
fire-bridge,  in  order  to  obtain  the  high  temperature  required 
for  caking;  when  the  masses  cake  again,  they  must  be 
taken  out,  until  all  the  contents  are  removed  from  the  furnace. 
The  caking  occupies  about  6  hours,  and  the  whole  roasting 
process  about  16  hours ;  3  tons  of  ore  require  about  i  ton  of 
coal  for  roasting ;  the  loss  amounts  to  about  20  per  cent, 
and  the  cost  per  ton  of  ore  is  about  12s.  8d. 

For  the  purpose  of  smelting,  1,000  parts  of  roasted  ore  are 
mixed  with  40  parts  of  heavy  spar,  35  parts  of  sparry  iron 
ore,  170  parts  of  dross  and  hearth,  and  400  parts  of  ore  slags. 

The  redu(5tion  of  the  ore  is  effec5ted  in  low  cupola  furnaces 
chiefly  by  the  reac5tion  of  the  fuel;  heavy  spar  ac5ts  as  a 
flux  and  reducing  agent ;  the  iron  ore  chiefly  as  a  flux. 

The  normal  smelting  process  is  carried  on  with  coke,  and 
requires  a  nose  from  0*15  to  o"20  m.  long,  and  no  flame  at  the 
mouth  of  the  furnace.  The  operations  last  from  8  to  13  days. 
In  an  operation  of  10  days  and  12  hours,  from  90*19  tons  of 
mixture  containing  34*33  tons  of  lead  and  244  lbs.  of  silver, 
there  were  produced  25*50  tons  of  raw  lead  with  234  lbs.  of 

♦  Lan.,  in  Ann.  d.  m.,  1854,  liv.  6 ;  1855,  liv.  2.,  p.  390. 
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silver ;  and  the  consumption  of  fuel  amounted  to  14*90  tons 
of  coke.  The  cost  of  smelting  i  ton  of  ore  amounts  to  lys., 
and  I  ton  of  ore  yields  0*438  ton  of  raw  lead  with  3794  lbs. 
of  silver.  Only  very  little  matt  is  formed.  The  pure  slags 
contain  as  much  as  2  per  cent  of  lead. 

The  cost  of  roasting  and  smelting  i  ton  of  ore  is — 

£   s.    d. 

Labour 070 

Fuel  (0-595  ton) o  15    o 

Fluxes  (0*070  ton) 010 

Sundries 033 

£1     6    3 
The  total  loss  of  metal  per  ton  of  ore  amounts  to  0*059  ^o^ 
of  lead  and  0*0596  lb.  of  silver. 

In  1855-56,  665  tons  of  schlich,  containing  on  an  average 
50  per  cent  of  lead  and  0*230  per  cent  of  silver,  were  roasted, 
with  a  consumption  of  389  tons  of  coal;  640  tons  of  the 
roasted  mass,  and  214  tons  of  dross,  hearth,  &c.,  yielded 
336  tons  of  raw  lead,  consuming  334  tons  of  coke.  The  raw 
lead  yielded  on  cupellation  3*1  cwts.  of  silver,  71  tons  of  red 
litharge,  169  tons  of  yellow  litharge,  9  tons  of  impure  litharge, 
and  30  tons  of  dross. 

The  lead  ores  from  Southern  France,  Algeria,  Corsica, 
Spain,  Italy,  &c.,  which  are  sold  at  Marseilles,  are  worked 
at  the  smelting  works  on  the  mouths  of  the  Rhone ;  they 
contain  at  least  40  or  50  per  cent  of  lead,  if  they  are  not 
rich  in  silver.  Galena  rich  in  lead,  and  containing  but 
little  silica,  is  worked  in  reverberatoiy  furnaces  according  to 
the  French  method;  but  ores  richer  in  silica  are  treated 
either  in  the  Vienne  furnaces,  or  are  smelted  in  cupola  furnaces 
after  having  been  previously  roasted- 

The  roasting  of  the  ore  is  effefted  in  single  reverberatory  \ 

furnaces  with  two  hearths,  as  at  Escalette  and  St.  Louis ;  and 
in  mounds. 

At  the  Catalan  Works  the  smelting  process  is  carried  on  in 
cupola  furnaces  of  a  medium  height,  and  the  charges  at  the 
last-named  works  are  4  shovels  of  ore,  4  of  coke,  2  of  lead 
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slags,  and  half  a  shovel-full  of  refinery  cinders;  but  the  amount 
of  this  last  addition  varies  at  the  different  smelting  works 
(Septemes,  St.  Louis)  according  to  the  nature  of  the  ores. 
In  24  hours  3  tons  of  ore  are  worked,  consuming  i  ton  of 
coke. 

At  the  smelting  works  at  Bottino,  in  Tuscany,*  pure 
galena,!  with  from  55  to  64  per  cent  of  lead,  is  treated  in 
reverberatory  furnaces ;  but  all  ores  containing  silica,  and 
from  42  to  43  per  cent  of  lead,  are  worked  in  cupola  furnaces 
after  a  previous  roasting ;  the  roasting  is  conducted  in  double 
reverberatory  furnaces,  and  entails  a  loss  of  6'30  per  cent. 

The  smelting  process  is  carried  on  in  cupola  furnaces 
3  metres  high,  i  metre  deep,  and  0*5  metre  wide ;  and  4 
charges  are  added  eveiy  hour,  consisting  of  5  barrows  of  30 
to  40  lbs.  each  of  ore,  and  5  to  6  barrows  of  24  to  30  lbs.  each 
of  iron  refinery  cinders  and  poor  lead  slags ;  132  tons  of  ore 
with  42  per  cent  of  lead,  3  tons  13  cwts.  of  slags  from  the 
litharge  reducing  process  with  15  per  cent  of  lead,  2  tons  15 
cwts.  of  slags  from  the  reverberatory  furnace  with  20  per  cent 
of  lead,  129  tons  of  hearth  with  50  per  cent  of  lead,  and  81^ 
tons  of  refinery  cinders,  3delding  in  24  hours  58J  tons  of  raw 
lead,  and  from  i^  to  2  tons  of  matt,  which  were  replaced 
for  the. smelting  process;  the  consumption  of  fuel  amounted 
to  83  tons  of  charcoal,  and  8  tons  of  coke. 

In  different  localities  of  Spain,  t  lead  ores  are  worked  after 
they  have  been  roasted  (Carmelita),  but  smelting  processes 
without  previous  roasting  are  used,  as  well  as  the  reverbera- 
tory process. 

These  cupola  furnaces  are  construAed  like  sump  furnaces, 
and  are  1*50  metre  high  ;  the  roasting  takes  place  in 
reverberatory  furnaces.  The  mixture  for  the  smelting  pro- 
cess is  composed  of  5  tons  of  roasted  galena  containing  on 
an  average  18  per  cent  of  lead,  6  cwts.  of  raw  galena,  4  cwts. 
of  litharge  containing  from  80  to  85  per  cent  of  lead,  10  cwts. 
of  lead  hearth,  &c.  with  60  per  cent  of  lead,  and  70  cwts.  of 
slags.    The  ores  3deld  from  9  to  10  per  cent,  and  the  total 

*  B.  u.  h.  Ztg.,  1856,  p.  I.    Ann.  d.  min.,  1858,  livr.  6,  p.  579. 
f  CoTTA,  Erzlagerstatten,  ii.,  374.    B.  u.  h.  Ztg.,  z86i,  p.  406. 
I  B.  u.  h.  Ztg.,  1862,  p.  56. 
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mixture  15  or  16  per  cent ;  the  cost  of  working  2  cwts.  of 
ore  is  2s.  id. ;  calculated  for  i  cwt.  of  lead  it  amounts  to 
14s.  5d. ;  15  or  16  per  cent  of  coke  will  smelt  100  parts  of 
mixture,  and  1*50  to  1*65  parts  of  coke  reduce  i  part  of  metal. 

Illustrations  of  the  Processes  for  Working  Rich  Lead 
Ores,  containing  Earthy  Matter,  but  Little  Foreign 
Sulphides. 

At  Bleiberg,  near  Commem,*  the  ores  occur  in  the  lower 
schists  of  the  red  sandstone  formation,  partly  in  grains  more 
or  less  fine,  and  partly  disseminated  in  extensive  beds  of 
sandstone ;  white  lead  ore  is  now  and  then  found  on  the  head 
of  the  formation,  instead  of  galena.  The  whole  ore  mass 
contains  from  0*2  to  5  per  cent,  but  on  an  average  2  per  cent 
of  galena,  and  yields  if  per  cent  of  lead,  containing  from 
0*007  to  0*014  per  cent  of  silver.  A  similar  ore  occurring  on 
the  Maubach  Bleiberg,  near  DUren,  contains  on  an  average 
5  per  cent  of  lead. 

At  the  mining  property  of  Meinertzhagen  from  17,000  to 
18,000  tons  of  dressed  lead  ores,  containing  from  55  to  58 
per  cent  of  lead,  are  annually  obtained,  and  are  mostly  worked 
at  the  smelting  works  in  Stolberg,  near  Aix-la-Chapelle ; 
whilst  only  a  small  part  is  worked  at  the  Burgfeyer  Smelting 
Works  for  the  manufa(5ture  of  shot,  the  annual  produ(5tion 
of  which  amounts  from  125  to  150  tons.  About  1,750  to 
2,000  tons  of  ores  are  used  for  glazing  pottery,  and  sold  at 
IIS.  or  IIS.  6d.  per  cwt. 

The  schlich  for  smelting  is  mixedjwith  3  per  cent  of  lime 
and  moulded  into  bricks,  which  are  allowed  to  dry  in  the  air, 
and  become  very  hard  in  consequence  of  a  formation  of  silicate 
of  lime.  They  are  then  crushed  into  pieces  the  size  of  the 
fist,  and  are  smelted  in  small  cupola  furnaces  4^-  feet  high, 
20  inches  deep,  and  14  inches  wide,  but  higher  furnaces  have 
lately  been  introduced. 

At  the  Miihlgasse  Smelting  Works*  the  ores  raised  from  the 
mine  at  Peterhaide  are  roasted  in  three  reverberatory  furnaces 

•  Karstbn's  Archiv.,  ix.,  60.  Tunnbr*8  Jahrbuch,  ii.,  Jahrgang,  1852, 
p.  56. 

*  Preussische  Zeitschrift,  1859,  p.  226. 
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with  hearths  22  feet  long  and  12  feet  broad ;  the  arched  roof 
is  2  feet  above  the  middle  of  the  hearth^  and  the  furnaces 
have  8  working  doors  on  each  side. 

After  the  schlich  has  been  dried  for  2  or  3  days  on  an 
iron  plate  hearth,  it  receives  an  addition  of  lime,  about  3  or 
5  per  cent,  seldom  as  much  as  10  per  cent.  About  2^  tons 
of  such  mixed  schlich  are  then  charged  upon  the  back  part 
of  the  hearth,  spread  out  and  gradually  moved  by  means  of 
iron  rakes  towards  the  fire-bridge,  where  the  temperature  is 
so  high  that  the  mass  fuses.  Every  6  hours  from  40  to 
50  cwts.  of  the  mass  are  removed  from  the  furnace,  whilst 
what  remains  in  the  furnace  is  moved  towards  the  discharging 
opening  to  make  room  for  a  new  charge  which  remains  in 
the  furnace  for  36  hours ;  each  furnace  holds  6  charges. 

The  mass  must  not  become  liquid  enough  to  produce 
metallic  lead,  as  this  would  increase  the  loss  of  metal  and 
allow  the  mass  to  run  easily  out  of  the  furnace.  The  space 
for  scorification  inclines  four  inches  towards  the  discharging 
orifice  which  is  closed  by  a  door.  As  soon  as  the  mass  has 
acquired  the  proper  consistence,  and  no  more  blisters  form, 
and  the  scorification  is  uniform,  it  is  drawn  into  the  sump 
and  allowed  to  flow  into  iron  moulds  running  upon  wheels. 
From  8  to  10  tons  of  ore  are  roasted  in  24  hours,  with  a  con^ 
sumption  of  about  56  cubic  feet  of  coal ;  two  workmen  attend 
to  the  furnace  in  shifts  of  12  hours ;  the  smoke  is  condudled 
by  a  flue  360  feet  long,  12  feet  broad,  and  22  feet  high, 
into  a  chimney  132  feet  high  and  4  feet  wide.  The  loss  in 
the  roasting  process  amounts  to  7  per  cent,  not  including 
the  metal  contained  in  the  condensation  flues.  This  scorifica- 
tion during  the  roasting  process  is  facilitated  by  the  presence 
of  white  lead  ore,  and  therefore  requires  less  fuel  and  labour 
than  the  common  roasting.  This  saving  is  of  great  import- 
ance, as  the  ores  contain  but  little  silver. 

The  scorified  mass  is  smelted  in  cupola  furnaces  16  feet 
high,  4  feet  wide,  and  4  feet  deep,  construfted  like  crucible 
furnaces.  The  escaping  gases  and  smoke  are  condufled  into 
a  condensation  chamber  lying  20  feet  above  the  hearth  of  the 
furnace. 
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As  the  materials  are  measured  instead  of  weighed,  the 
data  of  the  smelting  results  are  not  quite  exadl.  According 
to  the  "  Preuss.  Ztschr."  (vii.  226),  5  tons  of  lead  ores,  pre- 
viously roasted  with  an  addition  of  10  per  cent  of  lime,  are 
smelted  in  admixture  with  25  cwts.  of  calcareous  oolitic  red 
iron  ore,  4!  tons  of  old  lead  slags,  and  3  cwts.  of  iron. 
10  tons  of  ore  yield  about  5  tons  of  lead  in  24  hours.  The 
red  iron  ore  gives  better  results  than  the  refinery  cinders 
formerly  used ;  the  addition  of  metallic  iron  is  intended  to 
lessen  the  production  of  matt. 

The  raw  lead  with  the  0'2  oz.  of  silver  per  cwt.  is  treated 
by  Pattinson's  process,  which  concentrates  the  amount  of 
silver  to  12  or  13  ozs.  JThe  lead  matt  contains  as  much 
as  23  per  cent  of  lead.  The  slags  are  so  poor  that  they  may 
be  thrown  away.  The  metallic  fume  is  added  to  the  mixture 
of  the  next  operation,  and  is  previously  heated  till  it  cakes. 
The  smoke  of  2  furnaces  produces  in  6  weeks  about  25  or 
30  cwts.  of  lead.  The  reduftion  of  the  red  iron  ore  causes 
deposits  in  the  hearth.  In  the  year  i860,  625J  lbs.  of  silver 
and  1,883  tons  of  lead  were  produced. 

At  Miinsterbusch,  near  Stolberg  (Aix-la-Chapelle),  the  lead 
ore  (Dieplinchen)  is  associated  with  calamine,  zinc  blende, 
a  little  iron  pyrites,  calc  spar,  and  quartz;  some  galena 
from  Commem,  containing  50  per  cent  of  lead  and  30  per  cent 
of  quartz,  is  worked ;  white  lead  ore  is  also  used  in  small 
quantity.  The  ores  are  delivered  to  the  smelting  works  in 
the  form  of  grains  and  schlich,  and  the  ores  from  Stolberg 
yield  when  worked  alone,  a  raw  lead  containing  about  i  oz.  of 
silver,  whilst  from  the  ores  of  the  Eifel  a  raw  lead  is  produced 
containing  about  J-  oz.  in  100  lbs. ;  the  ores  contain  no  copper. 
The  mixture  used  contains  55  per  cent  of  lead  and  0*375  oz. 
of  silver  per  cwt. 

The  ores  from  Dieplinchen  are  roasted  as  at  Binsfeld- 
hammerhiitte  (page  63),  and  those  from  Commem  as  de- 
scribed at  page  157.  From  8  to  10  tons  of  ore  are  roasted  in 
24  hours,  consuming  39  cubic  feet  of  small  coal  and  4  cwts. 
of  coal  in  lumps,  costing  about  19s.  6d.  The  roasting  mass 
contains  from  60  to  70  per  cent  of  oxide  of  lead,  and  has  a 
vitreous  fradlure,  a  greasy  lustre,  and  a  completely  homo- 
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geneous  appearance.  According  to  Eich,  it  consists  of  i8'i8 
per  cent  of  silica,  3*87  per  cent  of  alumina,  2*56  per  cent  of 
peroxide  of  iron,  71*80  per  cent  of  oxide  of  lead,  viz  per  cent 
of  lime,  o*37  per  cent  of  magnesia,  and  0*49  per  cent  of  sul- 
phur. 5  tons  of  ore  are  mixed  with  4  tons  of  iron  refinery 
cinders,  and  4  to  5  cwts.  of  limestone,  and  are  smelted 
with  24  or  25  cwts.  of  coke  in  crucible  furnaces  with  2 
tuyeres  ;  the  operation  in  i  furnace  lasts  2  or  3  weeks ; 
8  furnaces  consume  about  55  tons  of  ore  and  15  tons  of  coke 
in  24  hours,  producing  on  an  average  30  tons  of  lead; 
400  tons  of  ore  yielded  200  tons  of  lead.  The  lead  is  tapped 
off  every  4  hours. 

When  the  process  goes  on  well,  the  produiSlion  of  lead 
matt  only  amounts  to  about  i  per  cent,  which  is  roasted  and 
added  to  the  mixture ;  if  it  contains  from  3  to  4  per  cent  of 
copper  it  is  kept  for  the  purpose  of  extracting  the  copper 
from  it.  These  works,  like  all  the  smelting  works  near 
Stolberg,  have  extensive  flues  for  condensing  the  smoke,  which 
is  much  poorer  in  silver  than  ore  with  the  same  amount  of 
lead ;  the  production  of  smoke  is  about  i  or  2  per  cent ;  the 
slags  are  assayed  daily,  and  if  they  contain  more  than  ^  per 
cent  of  lead  they  are  returned  and  resmelted.  The  slag  is 
run  into  cast  iron  pots,  14  inches  wide  and  20  inches  deep, 
which  are  suspended  in  two- wheeled  barrows ;  when  the  slag 
is  sufficiently  liquid,  the  lead  and  matt,  which  may  be 
mechanically  mixed  up  with  it,  will  deposit  in  the  pots. 

According  to  F.  Osann,  these  slags  are  composed  as  follows : 
33'57  per  cent  of  silica,  6*64  per  cent  of  alumina,  54*93  per 
cent  of  protoxide  of  iron,  3'4i  per  cent  of  lime,  0*28  per  cent 
of  magnesia,  2*04  per  cent  of  oxide  of  lead,  o'li  per  cent  of 
oxide  of  zinc,  and  1*53  per  cent  of  sulphur. 

In  i860,  the  smelting  works  at  Miinsterbusch  produced 
2,683  lbs.  of  silver  and  6,955  tons  of  lead. 

A  similar  process  is  carried  on  at  the  smelting  works  in 
Ramsbeck  (Westphalia),  which  produced  in  i860,  2,755  lbs. 
of  silver,  1,957  tons  of  lead,  and  144J  tons  of  litharge. 

At  the  smelting  works  at  Ems,*  argentiferous  galena  is 

*  CoTTA,  Erzlagerstatten,  ii.,  14a.  Erdmann's  Journ.  f.  ok.  n.  techn.  Cbem. 
xiii.,  204, 
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used  in  the  form  of  schlich,  grains,  and  fragments,  associated 
with  blende,  sparry  iron  ore,  and  a  little  quartz ;  the  metal 
contained  in  the  ore  varies  between  40  per  cent  of  lead  and 
0'35  oz.  of  silver  per  cwt.,  and  65  to  70  percent  of  lead 
and  1*4  oz.  of  silver ;  most  of  the  ores  contain  on  an  average 
about  50  per  cent  of  lead,  and  0*9  oz.  of  silver  per  cwt. 

The  ores  are  converted  into  the  form  of  schlich,  in  order 
to  admit  of  a  better  roasting,  and  the  process  is  carried  on 
in  double  furnaces,  with  one  hearth  lying  at  the  side  of 
the  other,  and  capable  of  receiving  3  tons  in  six  lots.  One 
lot  is  brought  to  the  caking  state  on  the  fire-bridge,  and 
removed  every  4  hours,  and  a  new  charge  is  added  on  the 
back  of  the  hearth ;  from  3  to  3^^  tons  of  ores  are  roasted 
in  24  hours,  consuming  11*5  cwts.  of  coal,  and  each  furnace 
is  attended  to  by  two  workmen,  working  in  shifts  of  12  hours ; 
6  per  cent  of  lead  is  lost  in  the  roasting. 

The  roasting  mass  is  mixed  with  25  per  cent  of  slags  from 
the  puddling  and  re-heating  furnaces,  from  75  to  100  per  cent 
of  lead  ore  slags,  from  8  to  10  per  cent  of  limestone,  and  as 
much  metallic  iron.  More  or  less  sparry  iron  ore,  containing 
from  5  to  15  per  cent  of  lead,  may  be  substituted  for  the 
metallic  iron  or  the  ferruginous  slags,  if  desired. 

The  smelting  is  effecaed  in  furnaces  with  two  tuyeres 
according  to  VogPs  construcSlion. 

The  raw  lead  from  the  ore  and  matt  smelting  processes  is 
cupelled  in  quantities  of  17 J-  tons,  containing  about  17  oz. 
of  silver  per  cwt.;  5  tons  of  raw  lead  produced  in  1861 — 

Scum     .    6*59  per  cent,  containing  5*89  per  cent  of  lead. 
Hearth  .  13-41         „  „  872        „ 

Litharge  88*36         „  „        81-99        „  „ 

Loss    ....      3-40        „  „ 

The  resulting  silver  is  refined  in  a  small  furnace  holding30  lbs. 

The  lead  matt  is  roasted  in  Hungarian  reverberatory 
furnaces,  in  order  to  conduct  the  gases  into  a  common 
chimney  by  means  of  a  flue  500  feet  long ;  the  second  lead 
matt,  with  about  12  per  cent  of  lead,  is  roasted  and  re-smelted ; 
its  amount  of  lead  is  thus  reduced  to  3  per  cent,  when  it 
may  be  thrown  aside,  for  though  it  contains  from  i  to  2  per 
cent  of  copper  this  cannot  be  profitably  extracted. 
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DIVISION  11. 

Treatment  op  Oxidised  Orbs  and  Products. 

Oxidised  Ores. 

Carbonate  of  Lead  (white  lead  ore)  is  usually  treated  by 
metallurgical  processes  differing  from  those  employed  for  the 
sulphate.  Oxidised  ores  generally  occur  together  with  galena, 
and  are  worked  with  them,  either  by  the  common  lead 
process  (Ruszberg,  Holzappel),  or  by  a  modified  process 
(scorification  roasting  at  Commem  and  Stolberg).  In  rare 
cases  only  is  white  lead  ore  worked  by  itself,  either  in  rever- 
beratoiy  furnaces  or  in  cupola  furnaces,  according  to  the 
richness  of  the  ore,  the  earthy  and  metallic  gangue,  or  the 
price  of  materials. 

REDUCTION  OP  WHITE  LEAD  ORB  IN  RBVBRBBRATORT 

FURNACES. 

Rich  ores  only  are  treated  in  these  furnaces,  and  when  the 
price  of  coal  is  not  too  high ;  furnaces  with  a  sump  or  an 
inclined  hearth  are  used,  and  a  reducing  reaftion  is  to  be  per- 
formed; the  grate  of  the  furnaces  is  low  down,  and  the 
working  door  is  put  under  the  flue  to  prevent  the  access  of 
air  to  the  hearth. 

The  crushed  ore  is  mixed  with  7  or  8  per  cent  of  charcoal  or 
coke  rubbish,  or  with  13  or  14  per  cent  of  non-caking  coal  or 
brown  coal ;  when  charcoal  or  coke  rubbish  is  used,  a  finer 
division  of  the  ore  is  requisite,  as  they  chiefly  a<5l  by  direA 
conta(£l  with  the  roasting  mass,  necessitating  a  more  intimate 
mixture.  Raw  fuel  developes  reducing  gases  abundantly ; 
these  gases  permeate  the  particles  of  ore,  and  therefore  raw 
fuel  allows  the  treatment  of  ores  of  coarser  grain ;  the  reduc- 
tion takes  place  quicker  and  at  a  lower  temperature,  and  less 
loss  occurs  from  the  escape  of  ore  dust  owing  to  the  coarser 
state  of  the  ore.  The  coal  should  be  in  such  large  pieces  as  to 
evolve  gases  during  the  whole  period  of  redu<ftion.  Anthracite 
reafts  less  upon  oxide  of  lead,  and  requires  a  higher  tem- 
perature. 

The  ore  is  then  spread  out  upon  the  hearth  of  the  furnace, 
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and  treated  by  a  reducing  flame  at  a  gradually  increasing 
temperature ;  it  is  repeatedly  turned  as  long  as  any  lead  is 
extrac5ted ;  the  porous  residues  are  then  moved  towards  the 
fire-bridge  and  heated  till  they  cake ;  this  is  done  in  order  to 
avoid  a  reduction  and  volatilisation  of  lead  in  the  upper  parts 
of  the  cupola  furnace  in  which  they  are  worked  up  again.  Very 
little  lead  is  extraAed  during  this  period.  Lime  will  pre- 
vent the  caking  if  no  silica  is  present^  and  in  this  case  easily 
fusible  slags  must  be  added  to  replace  the  silica*  Sulphates 
of  baryta  and  lime  are  reduced,  partly  by  the  caking  process 
and  partly  by  the  smelting  of  the  residues  in  cupola  furnaces ; 
the  metallic  sulphides  formed  readt  advantageously  in  the 
reduction  of  oxide  of  lead,  and  the  oxides  of  calcium  and 
barium  facilitate  the  formation  of  slags.  Sparry  iron  ore 
reaAs  in  the  first  process  like  lime,  but  facilitates  the  forma* 
tion  of  slags;  calamine  occasions  a  loss  of  metal  by  volatilisa- 
tion, counteradts  the  caking,  and  causes  in  the  smelting 
process  in  cupola  furnaces  the  formation  of  soot  and  difficultly 
fusible  slags ;  it  also  renders  the  raw  lead  impure. 

The  produfts  of  the  smelting  process  are — 

z.  Lead,  with  more  or  less  silver ; 

2.  Smoke,  consisting  mostly  of  fine  ore  dust ; 

3*  Residues.  These  are  mixed  with  other  lead  produ<5ls 
(impure  litharge,  scum,  metallic  fume,  &c.),  and  ferruginous 
substances,  and  smelted  in  low  cupola  furnaces. 

TREATMENT  OP  WHITE  LEAD  ORE  IN  CUPOLA 

PURNACES. 
Ore  in  the  form  of  grains  and  coarse  sand  is  best  worked 
in  cupola  furnaces  ;  the  schlich  is  previously  mixed  with 
lime  and  moulded  into  shape,  and  the  ores  are  usually  mixed 
with  lead  produ<5ls,  impure  slags,  and  ferruginous  substances. 
The  porosity  of  the  ore  and  its  easy  reducibility  cause  the 
formation  of  metallic  lead  in  the  upper  part  of  the  furnace, 
and  to  avoid  as  far  as  possible  this  disadvantage,  the  smelting 
process  is  carried  on  in  low  sump  or  crucible  furnaces,  in  which 
a  suitable  pressure  of  blast  produces  a  high  temperature 
round  the  tuyere.  The  mixture  then  passes  quickly  before 
the  tuyere,  smelts  rapidly,  and  the  reduced  lead  is  not 
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exposed  so  long  to  the  action  of  the  escaping  gases  as  in 
higher  furnaces.  When  the  ore  fragments  are  more  compadl, 
higher  furnaces  may  be  used  to  save  fuel ;  the  ore  is  then 
mixed  with  fuel  to  assist  the  redudlion  of  the  oxide  of  lead. 
The  loss  of  lead  by  volatilisation  caused  by  this  smelting 
process  is  always  very  large,  and  when  the  ore  is  used  in 
large  fragments,  it  amounts  to  from  45  to  50  per  cent  of  the 
lead  contained  in  the  mixture,  and  to  20  per  cent  of  the  silver; 
therefore  extensive  condensation  chambers  are  necessary. 
The  smoke  produced  may  be  either  worked  up  with  the  ore 
or  with  the  lead  produAs. 

Of  the  associating  gangues,  quartz,  limestone,  and  ferru- 
ginous substances  have  a  favourable  influence ;  also  baryta 
when  present  in  small  quantity,  but  a  larger  quantity  of  it 
assists  the  formation  of  matt,  and  requires  a  considerable 
addition  of  siliceous  substances  for  the  formation  of  silicate 
of  barium,  thus  causing  an  increased  consumption  of  fuel, 
a  decrease  of  the  amount  of  metal  contained  in  the  mix- 
ture, and  a  greater  loss  of  metal  by  volatilisation.  Barj^a 
is  therefore  only  used,  when  necessary  as  a  flux,  for  the  scori- 
fication  of  quartz  (Altai  Smelting  Works);  calamine  adls 
disadvantageously ;  galena  behaves  as  in  the  reverberatory 
process. 

Illustrations  of  the  Cupola  Furnace  Process  for  Reducing 
White  Lead  Ores. 

At  the  five  Altai  smelting  works*  in  Barnaul,  Pawlow- 
skiy,  Zmjejewskiy,  Loktewskiy,  and  Gawbrilowskiy,  about 
57,000  tons  of  oret  are  worked  yearly ;  one  half  consisting  of 
baryta  with  about  o'oo65  per  cent  of  silver  without 
lead ;  and  the  other  half  of  silver  and  lead  ores  containing 
on  an  average  o*oa  per  cent  of  silver  and  from  8  to  20  per 
cent  of  lead.  The  metals  are  mostly  contained  in  the  ores 
in  an  oxidised  state,  as  white  lead  ore,  lead  ochre,  iron  ochre, 
malachite,  azurite,  and  calamine,  besides  some  zinc  blende 
and  galena.  The  earthy  gangues  are  chiefly  quartz,  baryta, 
slate,  &c.    Part  of  the  silver  ore  is  worked  together  with  the 

*  B.  u.  h.  Ztg.,  X853,  p.  138,  x8o.    Bergwerksfreund,  1853,  Bd.  xv.,  P*  321. 
f  CoTTA,  Erzlagerstatten,  ii.  567. 

M  2 


Digitized  by  VjOOQ IC 


l64  LEAD. 

argentiferous  baryta  for  the  produdtion  of  raw  matt,  the  silver 
being  extrafted  by  metallic  lead  {vide  Silver),  and  the  rest  is 
'Worked  with  the  lead  ores  and  baryta.  The  treatment  of 
these  ores  is  very  difficult  as  they  are  poor  and  difficult  to  fuse, 
and  on  account  of  the  easy  reduftion  of  the  white  lead  ore ; 
they  are  very  siliceous,  poor  in  iron  and  other  bases,  therefore 
the  baryta,  together  with  much  limestone  and  sea-salt,  is 
required  for  the  scorification  of  the  quartz. 

A  smelting  mixture  consists  of  about  2j^  tons  of  lead  and 
silver  ores,  13  cwts.  of  matt  of  the  raw  smelting  or  the  lead 
ore  smelting,  3  cwts.  of  baryta,  4  cwts.  of  sea-salt,  8  cwts. 
of  limestone,  and  14  cwts,  of  slags  of  the  raw  smelting,  and 
lead  produ(5l8  (scum,  hearth  ends,  &c.). 

The  smelting  is  carried  on  in  sump  furnaces  12  feet  high, 
working  about  31  cwts.  in  24  hours,  and  consuming  160  lbs. 
of  coal  for  100  lbs.  of  ore. 

The  products  are — 

a.  Raw  Lead  containing  about  0*126  lb.  of  silver  and  93  - 
to  95  per  cent  of  lead,  besides  copper,  iron,  antimony,  and 
sulphur.  By  cupelling  this  lead,  silver  is  produced,  con- 
taining from  3  to  3J  per  cent  of  gold,  and  litharge  which 
is  used  to  extradt  the  silver  contained  in  the  raw  matt ;  scum 
and  hearth  ends  are  added  to  the  lead  smelting. 

b.  Lead  Matt  containing  about  0*025  lb.  of  silver,  and  as 
much  as  12  per  cent  of  lead  and  20  per  cent  of  copper ;  it 
is  worked  again  in  the  lead  smelting  process,  and  is  after- 
wards used  in  copper  smelting. 

c.  Slags  containing  0*005  lb.  of  silver ;  these  are  bi-  and  tri- 
silicates,  and  are  seldom  completely  fusible;  some  are  used  as 
a  flux  in  the  raw  smelting,  and  some  are  smelted  at  the  be- 
ginning of  a  raw  smelting  operation,  with  from  5  to  10  per 
cent  of  limestone,  and  from  10  to  20  per  cent  of  heavy  spar 
poor  in  silver,  in  sump  furnaces  16  feet  high,  for  the  pro- 
dudlion  of  raw  matt  which  is  added  to  the  lead  smelting 
process. 

At  the  smelting  works  in  Mfinsterbusch,  white  lead  ore  is 
worked  like  galena  (page  158),  having  been  first  mixed  with 
pounded  refinery  cinders  and  burned  lime,  in  the  proportion 
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of8:  I  :  I,  moistened  with  water,  formed  into  irregular  pieces, 
and  dried. 

In  Southern  Spain,  mixtures  of  white  lead  ore,  sulphate 
of  lead,  and  more  or  less  galena,  are  worked  in  various 
smelting  works  in  low  cupola  furnaces  of  different  dimensions, 
construdled  partly  as  sump  furnaces,  and  partly  as  crucible 
furnaces;  the  following  are  the  chief  construftions  : — 

1.  Castilian  furnaces,  from  o'Ss  to  i'3  metres  high,  0*84  to 
o*9  metre  deep,  and  07  to  074  metre  wide ;  they  are  either 
sump  or  crucible  furnaces.  About  5  tons  of  ferruginous 
white  lead  ore  and  galena  with  25  per  cent  of  lead,  and  25 
to  50  cwts.  of  old  slags  with  i  J  or  2  per  cent  of  lead,  are 
worked  in  24  hours,  consuming  20  cwts.  of  coke  and  pro- 
ducing 21 J  cwts.  of  raw  lead  with  4*4  ozs.  of  silver  per  cwt. 
of  lead ;  the  yield  of  lead  therefore  amounts  to  20'43  per 
cent.  The  cost  for  smelting  i  cwt.  of  ore  is  lod.,  for  i  cwt. 
of  lead,  8s.  yd. ;  one  part  of  coke  is  used  to  one  part  of  metal, 
or  five  parts  of  ore. 

2.  Round  crucible  furnaces  at  Escombreras,  with  two  tuyeres, 
1*68  metres  high,  1*5  metres  in  diameter  at  the  upper 
part  of  the  furnace,  and  1*3  metres  diameter  at  the  lower 
part.  The  lead  coUefts  in  a  sump  which  is  situated  at  the 
side  of  the  furnace,  and  the  slags  flow  out  through  a  redt- 
angular  opening.  The  mixture,  containing  from  35  to  40  per 
cent  of  lead,  consists  of  7^  tons  of  galena  and  white  lead 
ore  and  3 J  tons  of  the  slags  of  a  former  process;  and  in  24 
hours  from  48  to  54  cwts.  of  lead  with  17  ozs.  of  silver  per 
cwt.,  are  produced,  consuming  from  32  to  34  cwts.  of  coke. 
The  yield  of  lead  therefore  amounts  to  34  per  cent ;  5  per 
cent  of  lead  matt  also  results,  and  is  worked  up  in  a  subse- 
quent operation.  To  smelt  i  cwt.  of  ore  costs  iid.,  and 
I  cwt.  of  metal,  5s.  4d. 

3.  Round  crucible  furnaces  of  Roma,  with  three  tuyeres, 
from  1*65  to  17  metres  high,  0*5  metre  in  diameter  at  the 
top,  and  i'3  metres  in  diameter  at  the  bottom ;  the  three 
tuyeres,  two  of  them  fixed  in  the  side  walls,  and  one  in  the 
back  wall,  converge  towards  the  middle  of  the  furnace,  and 
incline  towards  the  bottom  at  an  angle  of  8''  or  lo''. 

The  ore  used  consists  of  galena  mixed  with  arsenical  com- 
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pounds,  and  containing  carbonates  and  sulphates.  8^  tons  of 
ore,  mixed  with  3J  tons  of  residues  of  the  reverberatory  fur- 
nace and  old  slags,  are  smelted  in  24  hours,  consuming 
35  cwts.  of  coke,  and  producing  from  17  to  21  cwts.  of  raw 
lead  containing  about  i'2  ozs.  of  silver  per  cwt.  The  yield  is 
about  12^  per  cent.  To  save  fuel,  the  furnaces  are  worked 
with  a  hot  blast.  The  cost  for  smelting  i  cwt.  of  ore  is 
gs.  4d.,  and  for  i  cwt.  of  lead,  los.  iid.  The  consumption  of 
fuel  is  21  per  cent  for  the  ore,  and  i'65  parts  for  i  part  of 
metal, 

4.  Casiilian  furnaces  of  Pormann. — Some  of  these  have  three 
tuyeres,  others  only  one  or  two.  Carbonate  of  lead  and  old 
Roman  slags  are  chiefly  worked  in  them.  They  are  mostly 
square  or  re(5langular  in  sedlion;  those  with  three  tuyeres 
are  from  i'25  to  1*3  metres  high. 

5.  Air  cupola  furnaces  (Homos  de  Gran  Tiro,  Pavos)are  used 
at  Carthagena  for  working  white  lead  ore  occurring  with 
clay,  quartz,  oxides  of  antimony  and  zinc,  blende,  and  arsenical 
iron  pyrites ;  this  ore  is  very  difficult  to  fuse,  and  contains 
from  II  to  12  per  cent  of  lead. 

The  shaft  of  the  furnace  is  construfted  in  the  form  of  a 
cask,  and  is  conne(5led  with  a  horizontal  flue  leading  into  the 
chimney.  The  air  for  combustion  is  condudled  into  the 
furnace  by  six  nozzles  of  clay.  From  this  point  up  to  the 
mouth  the  shaft  is  17  metres  high,  the  diameter  in  the 
middle  is  1*29  metres,  and  in  the  upper  and  lower  parts 
respectively  i'2i  and  i*i6  metres. 

To  commence,  the  furnace  is  filled  with  brush-wood  and  a 
little  coke;  this  is  lighted  at  the  nozzles,  and  after  five  or 
six  hours  the  furnace  will  be  dried,  and  will  have  attained 
a  moderate  temperature.  Coke  is  then  added,  together  with 
some  lead  for  filling  the  sump  and  keeping  it  free  from  scoria, 
and  after  some  hours,  when  the  furnace  has  attained  a  red 
heat,  light  charges  of  ore  and  lead  slags  are  added  together 
with  coke ;  the  half  closed  nozzles  are  opened,  the  fuel  is 
gradually  diminished,  and  the  charge  of  ore  increased.  A 
somewhat  tough  ^ag  will  then  begin  to  flow  out  of  the  fur- 
nace ;  the  attention  of  the  workman  must  now  be  directed 
to  keep  the  nozzles  always  clean ;  the  highest  charge  must 
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then  be  obtained  as  soon  as  possible,  and  it  must  be  modified 
according  to  the  process.  When  the  operation  is  normal, 
the  nozzles  are  clear,  allowing  the  smelting  of  the  lead  and 
slags  to  be  observed ;  if  they  become  dark,  this  will  indicate 
that  the  process  is  probably  deranged  by  the  presence  of  too 
large  pieces  of  ore,  and  the  mass  becomes  easily  chilled.  If 
the  slags  are  too  liquid,  the  quantity  of  lead  flux  is  increased. 

The  charging  must  be  conducted  accurately ;  large  charges 
usually  should  be  added  hourly,  in  order  to  avoid  as  far  as 
possible  any  injury  to  the  draught.  In  order  to  condudl  the 
gases,  and  consequently  the  heat,  to  the  middle  of  the  fur- 
nace, the  ore  is  mostly  charged  on  the  walls,  and  according 
to  the  brightness  of  the  nozzles  in  smaller  or  larger  quantities 
at  any  one  point.  These  furnaces  sometimes  make  operations 
of  two  months  or  longer,  the  nozzles  having  to  be  frequently 
renewed. 

The  mixture  for  24  hours  consists  of  10  tons  of  ore  and 
2j  or  3  tons  of  slags,  and  one  charge  of  about  7  cwts.  of 
ore,  10  or  12  baskets  of  slags  with  i  old  slags,  and  6  to  7 
baskets  of  coke  with  a  little  wood,  which  is  added  in  order 
to  render  the  smelting  mass  less  compaft,  as  this  would 
injure  the  draught;  the  slags  assist  the  smelting,  and  by 
passing  down  the  furnace  in  a  softened  state  they  absorb 
metallic  particles  and  prevent  the  volatilisation  of  metal. 
From  32J  to  35  cwts.  of  coke  are  consumed  in  24  hours,  pro- 
ducing about  16  cwts.  or  9  per  cent  of  lead  at  a  loss  of  2^  to 
3  per  cent.  The  cost  of  smelting  one  cwt.  of  ore  is  7jd. ; 
of  one  cwt.  of  lead,  5s. 

As  the  ores  are  poor  in  lead  and  coke  so  expensive,  it  is 
sometimes  the  silver  alone  which  pays  for  the  cost.  This  fur- 
nace has  an  advantage  over  the  blast  furnace  on  account  of  its 
greater  produdlion  and  its  not  requiring  a  blast  machine ;  on 
the  other  hand,  it  occasions  a  waste  of  fuel  and  causes 
greater  loss  of  metal,  and  therefore  is  not  suitable  for  working 
rich  ores ;  neither  are  poor  and  difficultly  fusible  ores  fit  for 
it ;  the  condudt  of  the  process  requires  great  experience  and 
attention. 

This  furnace  has  given  good  results  in  smelting  carbonate 
of  lead,  which  cannot  be  worked  advantageously  in  blast 
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furnaces,  and  in  smelting  the  residues  of  reverberatory 
furnaces. 

The  cost  of  one  cwt.  of  lead,  when  working  residues  and 
poor  ores  containing  only  from  9  to  18  per  cent  of  lead, 
amounts  to  from  3s.  6d.  to  4s.  gd.;  when  working  argenti- 
ferous ores  with  a  medium  percentage  of  metal,  to  from 
4s.  gd.  to  5s.  iid. ;  and  when  working  ores  with  35  to  40 
per  cent  down  to  20  per  cent,  to  about  5s.  6d.  In  the  rever- 
beratory process  the  expense  is  about  3s. 

The  loss  by  volatilisation  is  seldom  less  than  5  or  6  per  cent, 
but  it  is  considerably  lessened  by  condensation  chambers ; 
the  yield  from  the  smoke,  containing  from  30  to  40  per  cent 
of  argentiferous  lead,  is  estimated  to  be  7  or  8  per  cent  of  the 
worked  materials ;  the  vitreous  slags  containing  i  or  i^-  per 
cent,  seldom  as  much  as  2  per  cent  of  lead,  are  thrown  aside. 

REDUCTION  OP  SULPHATE  OF  LEAD. 

Sulphate  of  Lead  seldom  occurs  in  nature  in  large  quan- 
tity, and  is  usually  worked  together  with  sulphuretted  ores, 
without  modifying  the  smelting  process  ;  sometimes  the  arti- 
ficial sulphate  of  lead  produced  in  calico  works  by  decom- 
posing sulphate  of  alumina  by  acetate  of  lead,  has  to  be 
treated  by  a  smelting  process.  This  operation  is  performed 
either  in  reverberatory  furnaces  or  in  cupola  furnaces. 

Only  rich  substances,  such  as  the  artificial  sulphate  of 
lead,  can  be  treated  in  reverberatory  furnaces,  which  always 
cause  a  great  loss  of  metal  when  the  sulphate  is  not  mixed 
with  galena  (PouUaouen),  but  is  worked  by  itself. 

The  following  method  is  recommended  by  Rivot  and 
Phillips  :— 

Artificial  sulphate  of  lead,  containing  a  little  excess  of  sul- 
phuric acid,  is  heated  in  an  English  roasting  reverberatory 
furnace  till  no  more  sulphuric  acid  is  evolved;  it  is  then 
mixed  with  20  per  cent  of  quartz  and  i  J  per  cent  of  pul- 
verised coal,  and  heated  in  an  English  copper  matt  furnace, 
at  a  gradually  rising  temperature,  till  the  whole  mass  fuses, 
and  till  no  more  sulphurous  and  sulphuric  acids  are  expelled 
by  the  quartz.  This  takes  about  three  hours  when  working 
a  charge  of  a  ton. 
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The  coal  assists  the  decomposition  of  sulphuric  acid,  and 
extrad%s  some  metallic  lead. 

The  produ(5l  chiefly  consists  of  silicate  of  lead,  and  may  be 
decomposed  for  the  extraftion  of  the  contained  lead. — 

a.  By  Metallic  Iron,  in  the  form  of  scrap  iron,  &c.  About 
13  per  cent  of  this  is  uniformly  distributed  over  the  surface 
of  the  smelting  mass,  and  repeatedly  stirred  up  with  it.  This 
will  cause  the  formation  of  metallic  lead,  and  of  slags  con- 
taining silicate  of  iron,  which  are  tapped  off  together  with 
the  lead,  and  are  worked  again  in  a  high  cupola  furnace  if 
they  contain  as  much  as  18  or  ao  per  cent  of  lead.  This 
process  of  decomposition  is  finished  in  about  five  hours.  If 
it  is  continued  longer,  and  if  more  iron  is  added,  it  will  be 
possible  to  produce  poorer  slags,  but  in  this  case  the  volati- 
lisation of  lead,  already  very  great,  increases,  and  the  con- 
sumption of  materials  is  greater.  A  ferruginous  lead  may 
also  be  formed,  which  would  have  to  be  treated  by  a  refining 
process.  The  resulting  scum  which  contains  iron  and  lead 
is  mixed  with  the  charge  in  the  next  operation.  From  a 
dried  sulphate  containing  from  65  to  68  per  cent  of  lead, 
only  50  per  cent  is  produced,  6  per  cent  remaining  in  the 
slags,  and  10  per  cent  being  volatilised ;  therefore  the  fume 
must  be  colledted  and  added  to  the  sulphate  of  the  next 
charge.  When  calculating  the  yield  from  slags  and  fume, 
from  58  to  59  per  cent  of  lead  is  produced  from  the  dried 
sulphate,  giving  a  loss  of  9  or  10  per  cent.  As  the  con- 
sumption of  fuel,  iron,  and  iron  tools  is  very  considerable 
in  the  different  operations,  this  process  is  applicable  only  to 
rich  substances. 

b.  By  Charcoal,  Coke  or  Coal,  and  Lime. — The  pasty 
mass  is  mixed  as  uniformly  as  possible  with  10  per  cent  of 
lime  in  small  pieces,  and  8  per  cent  of  fuel,  heated  till  com- 
pletely liquid,  and  then  tapped  off*  Purer  lead  is  obtained 
than  when  using  iron,  but  at  the  same  time  richer  slags  are 
produced ;  these  hkve  to  be  re-smelted,  and  the  volatilisation 
of  lead  is  considerable. 

c.  By  Iron  Pyrites. — If  from  20  to  Z2  per  cent  of  this 
substance  is  mixed  with  the  silicate  of  lead,  metallic  lead, 
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silicate  of  iron^  and  sulphurous  acid  will  be  produced,  the 
excess  of  sulphur  being  volatilised: 

SPbO,  SiOa  +  FeS  =  sPb  +  FeO,  SiOa  +  SO,. 

If  iron  pyrites  is  added  in  excess,  poorer  slags  will  be 
obtained,  but  a  matt  will  also  be  produced  which  will  be 
expensive  to  work  up.  To  avoid  this,  the  pyrites  must  be 
mixed  well  and  uniformly  with  the  silicate,  so  that  the 
former  is  in  no  place  in  excess ;  the  slags  are  re-smelted  in 
cupola  furnaces.  Though  the  readlion  takes  place  in  a  very 
short  time,  yet  the  temperature  required  must  be  high,  and 
therefore  the  volatilisation  of  lead  is  considerable. 

Volckel's  method  for  the  reduftion  of  the  artificial  sul- 
phate of  lead  is  as  follows : — The  substance  is  heated  with 
coal  in  a  Carinthian  reverberatory  furnace  with  an  inclined 
hearth,  in  order  to  convert  part  of  it  into  sulphide  of  lead, 
which  is  made  to  readt  upon  the  undecomposed  sulphate, 
producing  metallic  lead.  The  yield  of  lead  is  about  60  per 
cent,  and  the  resulting  slags  are  re-smelted  with  an  addition 
of  refinery  cinders. 

At  Poullaouen,  the  artificial  sulphate  of  lead  is  added  to 
the  mixture  when  smelting  argentiferous  galena  by  the 
French  method ;  in  this  case  the  roasting  process  is  either 
shortened  or  altogether  omitted. 

Smelting  in  cupola  furnaces  is  more  suitable  for  poor  sul- 
phates, as  it  produces  poorer  slags,  causes  less  loss  of  lead 
by  volatilisation,  and  the  consumption  of  material  is  small. 
Such  a  process  is  used  in  some  smelting  works  in  Southern 
France,  where  sulphate  of  lead,  with  a  gangue  of  lime  and 
clay,  is  worked ;  the  ore  is  heated  in  a  reverberatory  furnace 
with  two  hearths,  till  it  cakes,  and,  if  required,  enough  quartz 
is  added  to  form  silicates  containing  at  least  30  per  cent  of 
silica. 

The  caked,  porous  mass  is  smelted,  together  with  lead 
produdts  and  impure  slags,  in  furnaces  from  i'5  to  2  metres 
high,  and  with  an  addition  of  enough  ferruginous  substance 
(refinery  cinders,  or  roasted  iron  ore)  to  form  an  easily  fusible 
slag  containing  from  44  to  45  per  cent  of  silica.  When 
using  higher  furnaces,  the  porous  mass  becomes  already 
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reduced  in  the  upper  part  of  the  furnace,  and  causes  a  vola- 
tilisation of  lead.  In  operations  of  from  17  to  18  days,  about  25 
or  30  parts  of  coke  are  used  for  every  100  parts  of  ore  smelted, 
and  for  caking  10  parts  of  ore,  about  25  or  30  of  coal  are 
consumed.  The  yield  of  lead  is  about  80  per  cent  of  the 
quantity  contained  in  the  ore,  whilst  the  3neld  of  poor  ores 
in  reverberatory  furnaces  amounts  to  only  45  per  cent. 

If  a  more  complete  desulphurisation  is  required,  the  mass 
must  be  completely  scorified,  instead  of  only  caked;  but 
sometimes  the  other  minerals  present  in  the  ore  make  such 
a  scorification  unavoidable.  In  that  case  it  is  preferable  to 
smelt  the  ore  in  furnaces  from  three  to  four  metres  high,  as 
then  a  redudtion  of  lead  cannot  easily  take  place  in  the 
upper  part  of  the  furnace;  higher  furnaces  also  allow  a 
saving  of  fuel. 

TREATMENT  OP  OXIDISED  SMELTING  PRODUCTS. 

These  are  chiefly  Litharge,  Dross,  and  Hearth  Bottoms, 
besides  some  lead  slags.  They  are  worked  either  with  lead 
and  silver  ores,  or  by  themselves  in  reverberatory,  cupola,  or 
hearth  furnaces.  Upon  adding  a  percentage  of  iron  pyrites, 
the  greater  part  of  the  copper  they  contain  may  be,  by  these 
smelting  processes,  concentrated  in  a  matt. 
ReduAion  of  Litharge. 

As  litharge  is  nearly  pure  oxide  of  lead,  with  only  small 
amounts  of  copper,  silver,  antimony,  arsenic,  iron,  &c.,  its 
reducaion  is  effedled  by  any  of  the  three  above-named  fur- 
naces, the  choice  depending  chiefly  on  the  quality  and  the 
price  of  the  fuel,  and  on  the  smelting  process  which  has  been 
used  in  working  the  lead  ores. 

The  production  of  lead  in  a  certain  time,  as  well  as  the 
ultimate  yield  of  lead,  is  larger  in  cupola  furnaces  than  in 
reverberatory  and  hearth  furnaces,  and  consequently  the 
price  of  labour  is  lower ;  on  the  other  hand,  the  lead  pro- 
duced from  impure  litharge  in  cupola  furnaces  at  a  high 
temperature,  is  of  inferior  quality,  containing  more  copper 
and  antimony  than  that  produced  in  reverberatory  and  hearth 
furnaces,  which  allow  the  use  of  raw  fuel,  whilst  the  former 
require  coked  fuel.     The  loss  of  lead  in  cupola  furnaces 
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usually  amounts  to  from  i J  to  2f  per  cent ;  in  reverberatory 
furnaces  from  3  to  5  per  cent ;  and  is  still  greater  in  hearth 
furnaces.  When  litharge  in  the  form  of  powder  is  reduced 
in  cupola  furnaces,  the  loss  of  lead  exceeds  that  in  rever- 
beratoiy  furnaces,  which  is  usually  somewhat  larger  on 
account  of  the  greater  volatilisation  and  scorification  by  the 
coal  ash. 

Reducftion  of  Litharge  in  Reverberatory  Furnaces. 

The  reduction  furnaces  are  usually  of  smaller  dimensions ' 
than  the  furnaces  for  smelting  ore;    Those  used  are — 

a.  Reverberatory  furnaces  with  an  inclined  hearth,  from 
which  the  lead  continually  flows  out,  either  from  the  short 
side  of  the  furnace  situated  opposite  to  the  grate  (Holzappel), 
or  from  one  of  the  long  sides  of  the  furnace  (England). 

b.  Reverberatory  furnaces  furnished  with  a  sump  on  the 
short  side  of  the  furnace  beneath  the  flue,  from  which  the 
lead  is  ladled. 

The  produiJls  are — 

a.  Lead,  either  marketable,  or  treated  according  to  its  purity 
and  amount  of  silver ; 

6.  Slags,  mostly  treated  with  the  remnants  of  the  ore 
smelting  in  slag  hearths,  or  worked  again  in  reverberatory 
furnaces  mixed  with  coal  and  fluxes. 

Illustrations  of  the  Litharge  ReduAion  Process. 

In  England  the  redudtion  of  litharge  is  carried  on  at  dif- 
ferent places  with  little  modification  in  the  constru(5lion  of 
the  furnaces,  as  is  shown  by  the  following  examples : — 

Fig  59. 
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Figs.  59  and  60  represent  a  vertical  sedlion  and  plan  of  a 
reducing  furnace.  A,  is  the  fire-place ;  b,  the  ash-pit ;  c,  the 
fire-bridge ;  d,  the  hearth ;  E,  the  working  door ;  f,  the  iron 
gutter  for  leading  the  reduced  metal  into  the  lead  pot,  o, 
which  is  kept  heated  by  a  fire  beneath.  A  furnace  of  this 
kind,  having  a  sole  eight  feet  long  and  seven  feet  wide,  will 
reduce  about  5^  tons  of  lead  from  litharge  in  24  hours. 

The  litharge  is  intimately  mixed  with  about  10  per  cent  of 
small  coal,  and  is  charged  on  the  part  of  the  hearth  immedi- 
ately in  front  of  the  fire-bridge.  To  prevent  the  fused  oxides 
from  attacking  the  bottom  of  the  furnace,  and  also  to  provide 
a  sort  of  hollow  filter  for  the  liquid  metal,  the  sole  is  covered 
with  a  layer  of  bituminous  coal. 

The  heat  of  the  furnace  quickly  effedts  the  ignition  of  this 
substratum,  which  is  rapidly  reduced  to  the  state  of  a  spongy 
cinder.  The  reducing  gases  present  in  the  furnace,  aided 
by  the  coal  in  the  charge  itself,  cause  the  redudlion  of  the 
oxide,  which  flows  through  the  interstices  of  the  cinder  in  a 
metallic  form,  and  ultimately  finding  its  way  into  the  depres- 
sion at  the  extremity  of  the  hearth,  flows  through  the  iron 
gutter  into  the  external  cast  iron  pot.  The  surface  of  the 
charge  is  frequently  stirred  up  with  an  iron  rake  during  the 
process  of  reduction,  for  the  double  purpose  of  exposing  new 
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surfaces  to  the  adlion  of  the  gases  and  of  allowing  the  reduced 
lead  to  flow  off  more  readily.  Fresh  quantities  of  litharge, 
with  small  coal,  are  thrown  in  from  time  to  time  as  the 
previous  charge  disappears;  and  at  the  end  of  the  shift, 
which  usually  extends  over  12  hours,  the  floor  of  cinder  is 
broken  up,  and  after  being  mixed  with  the  residues  in  the 
furnace,  is  withdrawn.  A  new  floor  of  cinders  is  then  made, 
and  the  operation  proceeds  as  before.  The  yield  is  89  per 
cent  of  lead ;  4J  tons  are  produced  in  24  hours,  with  a  con- 
sumption of  one  ton  of  coal. 

The  expense  of  reducing  one  ton  of  litharge  may  be  esti- 
mated as  follows : 

£    5-    ^• 
Labour 026* 

Coals  (3  cwts.) 005*2 

Repairs       o    o    i'6 

Total    .    .    .    .  jfo    3    0-8 

At  Deebank,  in  North  Wales,  the  redudlion  furnace  ha^ 
an  oval  hearth,  3*5  metres  long,  2*3  metres  broad,  and  sloping 
with  an  inclination  of  ^  or  6°  towards  the  flue,  so  that  the 
hearth  near  the  fire-bridge  is  0*45  metre  beneath  the  arched 
roof,  and  o'6  metre  at  its  lowest  inclination  (the  sump). 
The  breadth  of  the  hearth  on  the  fire-bridge  is  i*8  metres, 
and  on  the  side  of  the  flue  i  metre.  The  fire-place  is 
07  metre  wide  and  vz  metres  long;  the  grate  lies  I'l  metres 
beneath  the  roof,  and  o*66  metre  beneath  the  fire-bridge, 
which  is  0*45  metre  broad.  The  sole  is  formed  of  ferruginous 
sand,  and  rests  upon  iron  plates  supported  by  an  arch.  The 
flue,  which  is  0*3  by  0*4  metre  in  seftion,  is  connedted  with 
a  chimney  o'6  metre  square  and  10  metres  high. 

A  charge  of  3  tons  of  litharge  is  mixed  with  0*3  ton  of 
small  coal,  and  spread  over  the  hearth  of  the  furnace,  which  . 
is  still  hot  from  the  previous  charge.  The  temperature  is 
raised  as  quickly  as  possible  to  dull  redness,  and  the  lead 
will  be  extradted  in  about  4J  hours;  the  temperature  is 
increased  another  half-hour  longer,  and  the  charge  re- 
peatedly worked  with  a  rake  till  no  more  lead  appears. 
The  slags,  which  are  incompletely  fluid,  are  withdrawn  by 
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the  side  doors,  and  are  treated  in  the  slag  hearth  together 
with  the  ends  of  the  ore  smelting.  Th^  lead  which  has 
somewhat  cooled  is  ladled  through  the  working  door  into 
moulds ;  this  takes  about  one  hour.  Three  tons  of  litharge 
3neld  27  tons  of  lead  in  pigs,  and  12  tons  of  litharge  are 
reduced  in  24  hours,  consuming  1*4  tons  of  coal.  The  yield 
of  lead  amounts  to  from  89  to  90  per  cent ;  about  3  per  cent 
of  slags  also  result,  which  contain  from  45  to  50  per  cent  of 
lead. 

At  Holzappel,  in  Nassau,  Carinthian  reverberatoiy  fur- 
naces are  used  for  reducing  litharge,  partly  to  make  use  of 
the  brushwood  which  abounds  in  the  neighbourhood,  and 
partly  to  obtain  a  purer  lead.  The  hearth  of  the  furnace, 
13  feet  long  and  8  feet  broad,  is  covered  about  3  inches 
high  with  small  charcoal,  except  the  space  near  the  front 
of  the  furnace,  which  is  about  2  feet  broad;  after  these 
have  been  ignited,  about  6  cwts.  of  litharge,  not  too 
finely  crushed,  are  laid  evenly  upon  the  charcoal  layer,  and 
covered  again  with  a  layer  of  coal.  This  is  exposed  to  the 
aAion  of  a  low  temperature  for  about  1^  hours,  and  then 
the  mass  is  stirred,  turned  and  pressed,  still  at  a  moderate 
temperature,  in  order  to  keep  the  charge  in  the  form  of 
powder.  The  reduced  lead  flows  into  a  sump  construdled 
outside  the  furnace,  which  is  kept  covered  with  glowing  coals. 
The  residues  are  heated  till  they  cake,  and  are  withdrawn 
after  a  shift  of  12  hours ;  4  cwts.  of  them  are  mixed  with 
about  I  cwt.  of  refinery  cinders,  the  hearth  of  the  reverbera- 
tory  furnace,  and  12  cwts.  of  lead  slags,  and  are  treated  for 
the  production  of  hard  lead.  From  30  to  40  cwts.  of  litharge 
are  reduced  in  24  hours,  yielding  82  per  cent  of  lead,  besides 
the  lead  contained  in  the  residues.  The  loss  of  lead  is  said 
to  amount  to  8  or  10  per  cent. 

At  PouUaouen*  the  reduftion  process  is  carried  on  in 
French  reverberatory  furnaces.  5  tons  of  litharge  are  worked 
in  12  hours,  consuming  150  cubic  feet  of  wood,  and  about 
9  cubic  feet  of  coal,  and  yielding  80  per  cent  of  lead.  The 
residues  are  again  treated  by  the  cupola  furnace  process. 

*  B.  u.  h.  Ztg.,  Z859,  p.  35Z. 
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At  the  smelting  works  in  Ems,  only  part  of  the  litharge  is 
reduced  (in  1861  about  38  per  cent),  the  other  part  is  sold  as 
it  is.  The  process  is  qondudted  in  Carinthian  reverberatory 
furnaces,  and  from  the  5  tons  of  lead  contained  in  the  litharge, 
there  were  obtained  86'77  per  cent  of  very  pure  lead,  and 
9*29  per  cent  of  lead  in  the  residues,  causing  a  loss  of  3*94 
per  cent. 

Reducftion  of  Litharge  in  Cupola  Furnaces. — Mode- 
rately high  cupola  furnaces  (half-blast  furnaces)  are  em- 
ployed for  the  reducaion  of  litharge,  oftener  than  high 
cupola  furnaces.  They  are  mostly  construfted  like  sump 
furnaces  (Freiberg,  Upper  Hartz),  though  sometimes  like 
a  channel  furnace  with  a  closed  eye  (Upper  Hartz,  Tar- 
nowitz,  Lower  Hartz),  and  in  rare  cases  like  crucible  furnaces 
(Przibram). 

The  more  compadl  and  large  the  lumps  of  litharge,  the 
higher  the  furnaces  which  may  be  employed.  High  fur- 
naces cause  a  saving  of  fuel,  and  the  produ(5lion  of  poorer 
slags ;  the  process  takes  a  shorter  time,  produces  less  slag, 
and  admits  of  longer  operations.  But  if  the  furnace  is  too 
high,  a  more  impure  lead  will  be  produced. 

Porous  litharge,  and  litharge  in  form  of  powder,  must  be 
worked  in  low  furnaces;  when  in  the  form  of  powder,  litharge 
should  be  moulded  with  an  addition  of  clay  into  bricks,  pre- 
vious to  its  reduction. 

The  smelting  process  must  be  carried  on  without  flame  at 
the  mouth  of  the  furnace,  and  with  a  short  nose.  Its  pro- 
gress may  be  chiefly  judged  by  the  nature  of  the  slags, 
which  should  be  pasty  and  vitreous ;  as  soon  as  they  become 
too  easily  fusible,  a  smaller  charge  is  added.  If  litharge  is 
added  in  too  large  a  quantity,  it  will  be  found  swimming 
upon  the  lead.  The  process  is  carried  on  with  charcoal  or 
coke,  seldom  with  coal  or  turf;  charcoal  is  preferable  to 
coke  ;  the  application  of  hot  blast  has  been  found  to  possess 
no  benefit. 

The  produ(5ls  resulting  from  this  operation  are  lead,  slags, 
and  dross. 
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Illustrations  of  the   Reducftion  of  Litharge  in  Cupola 

Furnaces. 

At  the  smelting  works  of  the  Upper  Hartz,  low  furnaces 
were  formerly  used,  but  of  late  higher  furnaces  construdled 
as  sump  furnaces  are  employed ;  they  are  represented  by 
Figs-  37>  38,  39,  40,  and  41,  as  shown  on  pages  loi,  102, 103, 
and  104.  The  horizontal  tuyere  has  a  diameter  of  z\  inches, 
and  the  pressure  of  blast  is  equal  to  7  lines  of  mercury. 

One  ^  charge  consists  of  174  lbs.  of  litharge  in  lumps, 
20  lbs.  of  slags  from  the  same  process,  and  25  lbs.  of  char- 
coal. In  one  operation  of  about  60  hours  eight  or  nine 
smeltings  are  effedted,  care  being  taken  to  keep  the  furnace 
mouth  dark,  to  have  a  nose  from  five  to  six  inches  long,  and 
to  form  pasty  slags.  One  smelting  consists  of  from  184  to 
187  cwts.  of  litharge,  and  21  cwts.  of  slags  from  the  same 
process.  5  tons  of  litharge,  containing  92  per  cent  of 
lead,  yield  4J  tons  of  lead,  with  0*00375  per  cent  of  silver  ; 
I '6  cwts.  of  slags,  with  about  9  per  cent  of  lead ;  11  cwts.  of 
slags,  which  are  used  for  the  same  process ;  2*4  cwts.  of 
lead  dross,  with  75  per  cent  of  lead;  and  0*4  cwt.  of  metallic 
smoke,  with  78  per  cent  of  lead ;  and  they  consume  11  cwts, 
of  charcoal  and  11*5  cwts.  of  slags. 

The  composition  of  the  reduced  lead  is  shown  by  the  fol- 
lowing analyses : — 

Lead  from  Clausthal,  analysed  by  Streng,  contained 
99*647  per  cent  of  lead,  0*122  per  cent  of  copper,  0*225 
per  cent  of  antimony,  0*005  per  cent  of  iron,  and  o'ooi 
per  cent  of  tin.  Lead  from  Altenau,  by  Jordan  :  97*69  per 
cent  of  lead,  0*09  per  cent  of  copper,  1*34  per  cent  of  anti- 
mony, 0*58  per  cent  of  iron  and  tin.  Lead  from  Lautenthal, 
by  Streng :  99*67  per  cent  of  lead,  0*07  per  cent  of  copper, 
0*24  per  cent  of  antimony,  0*005  P^r  cent  of  iron,  and  0*015 
per  cent  of  tin. 

The  slags  from  this  process  are  composed  as  follows : — 

Slag  from  Clausthal,  analysed  by  Bnlel :  28*75  per  cent 
of  silica,  44*6  per  cent  of  oxide  of  lead,  6*87  per  cent  of 
protoxide  of  iron,  0*42  per  cent  oxide  of  manganese,  0*21  per 
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cent  of  suboxide  of  copper,  8*92  per  cent  of  alumina,  7*83 
per  cent  lime,  0*53  per  cent  magnesia,  and  07  per  cent 
oxide  of  antimony. 

Slag  from  Pontgibaud,  according  to  an  analysis  by  Berthier, 
consisted  of  2Z'o  per  cent  of  silica,  35*6  per  cent  of  oxide  of 
lead,  4*2  per  cent  of  oxide  of  iron,  5*2  per  cent  of  alumina, 
30*2  per  cent  of  lime,  and  I'o  per  cent  of  magnesia.. 

The  resulting  dross  is  reduced  in  18  hours  in  quantities  of 
about  12J  tons  in  one  operation,  with  18  cwts.  of  slags  from 
the  reducing  process,  and  2,480  lbs.  of  charcoal,  producing 
184  pigs  of  lead,  and  26  cwts.  of  slags.  On  refining  these 
184  pigs,  there  are  produced  in  15  hours  12  tons  of  dross 
lead,  containing  0*0035  per  cent  of  silver,  and  about  i  ton 
of  cupriferous  refining  dross,  which  is  worked  in  the  last 
lead  matt  smelting.  The  total  yield  of  lead  from  the  re- 
ducing process  of  the  litharge  and  dross  amounts  to  go  per 
cent,  and  the  loss  of  lead  to  2  per  cent. 

The  dross  lead  is  composed  as  follows : — 

Lead  from  Clausthal,  analysed  by  Streng :  98*30  per  cent 
of  lead,  o'i6  per  cent  of  copper,  i'20  per  cent  of  antimony, 
0*10  per  cent  of  tin ;  its  specific  gravity  =  11*383.  Lead 
from  Altenau,  by  Ulffers :  99*60  per  cent  of  lead,  o*oi6  per 
cent  of  copper,  0*370  per  cent  of  antimony,  o*oo6  per  cent  of 
iron,  0*001  per  cent  of  tin  ;  its  specific  gravity  =  11*350. 

The  litharge  of  the  smelting  works  at  the  Lower  Hartz* 
is  more  or  less  cupriferous,  contains  from  86  to  90  lbs.  of 
lead  and  0*03  oz.  of  silver  per  cwt.,  and  is  reduced  in  low 
cupola  furnaces  six  feet  high,  construdled  like  channel  fur- 
naces with  a  closed  eye.  It  is  mixed  with  ^  of  its  weight  of 
slags  from  the  same  process,  and  smelted  with  the  mouth  of 
the  furnace  kept  dark  and  the  tuyere  bright.  In  operations 
of  from  16  to  20  days,  about  7  or  7J  tons  of  litharge  are 
reduced  with  charcoal,  producing  about  4J  tons  of  lead  and 
from  4  to  6  per  cent  of  slags. 

At  the  Freiberg  smelting  works,  t  double  furnaces,  eight 

•  Kerl,  die  Rammelsberger  HUttenprocesse,  2  Aufl,  1861,  p.  65. 

+  Karsten*s  Archiv.,  i  R.,  ix.,  232.  Plattner*s  Vorlesungen,  herausgegeben 
von  Richter,  ii.  129. 
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feet  high,  are  employed,  and  about  45  tons  of  litharge  from 
unrefined  raw  lead  are  reduced  in  24  hours,  yielding  4^^  tons 
of  lead  per  5  tons  of  litharge;  only  25  tons  of  litharge  can 
be  reduced  in  24  hours  if  it  is  derived  from  the  rich  lead 
which  had  been  treated  by  Pattinson's  process ;  and  only  15 
tons  of  this  rich  litharge  if  obtained  at  the  latter  part  of  the 
cupelling  process.  This  is  worked  with  an  addition  of  10  per 
cent  of  slags,  as  it  contains  a  certain  amount  of  the  hearth 
bottom. 

The  resulting  slag  contains  from  25  to  30  per  cent  of  lead, 
and,  at  the  end  of  the  operation,  is  worked  in  admixture  with 
3  per  cent  of  iron  p)aites.  From  this  smelting  there  results, 
first,  slag  lead,  which  is  refined  by  Pattinson's  process;  second, 
matt  and  slags  (modified  slags),  containing  5  per  cent  of 
lead ;  these  are  worked  up  again  in  the  lead  smelting  process. 
If  they  are  black  and  vitreous  in  appearance,  they  are  either 
a  mixture  of  mono-  and  bi-silicates  (a,  from  the  Muldner 
smelting  works),  or  a  bi-silicate  (6,  from  the  Halsbrflck 
smelting  works).  According  to  Richter,  their  composition  is 
as  follows : — 

SiOj.  AI2O3. 
a,  36*66     6*12 
6. 52*00     7*40 

The  application  of  turf  and  hot  blast*  and  also  the  con- 
struAion  of  the  furnace  like  channel  furnaces  with  a  closed 
eye  t  have  given  no  good  results. 

In  order  to  diminish  the  loss  of  lead,  lumps  of  coke  are 
arranged  over  the  mouth  of  the  furnace ;  the  escaping  gases 
and  flame  ignite  the  coke,  and  the  oxide  of  lead  passing 
through  it  becomes  reduced,  and  the  metal  drops  back  into 
the  furnace. 

At  Przibram,  X  10  tons  of  litharge  are  reduced  in  24  hours 
without  any  addition  of  flux,  in  low  furnaces  five  feet  high. 
The  lead  is  not  tapped  off,  but  runs  continually  out  of  the 
tap-hole  on  to  the  hearth  as  the  reduction  proceeds  rapidly. 

•  Freiberger  Jahrb.,  1854,  1840. 

f  Ibid.,  1839. 

X  Oesterr.  Ztschft.,  1856,  p.  350. 

N    2 


Coke  mechanically 

CaO. 

MgO. 

FeO. 

PbO. 

CuaO.     S. 

intennixed. 

576 

1-43 

30-43 

8*38 

X07     3-21 

r33 

8*63 

o*8x 

as-xi 

310 

0*18     0'32 

a*  10 
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One  operation  lasts  lo  or  12  days.  From  57  tons  there  are 
produced  2  cwts.  of  litharge,  containing  90  per  cent  of  lead, 
43  tons,  15  cwts.,  16  lbs.  of  soft  lead ;  8  tons,  19  cwts.  of 
slags,  containing  60  per  cent ;  i  ton,  2  cwts.,  71  lbs.  of  pot 
dross,  containing  80  per  cent;  and  10  cwts.  of  furnace  residues, 
containing  80  per  cent  of  lead.  The  loss  of  lead  is  1*85  per 
cent. 

At  Tamowitz,  litharge  is  reduced  in  ore  smelting  furnaces 
with  coal  and  a  flaming  furnace  mouth.  Five  tons  of  litharge, 
consuming  i  ton  of  coal,  reduce  in  7  hours  4  tons,  9  cwts. 
of  soft  lead  containing  o-o6  oz.  of  silver,  and  15  cwts.  of 
slags,  dross,  and  residues. 


Redu<5tion  of  Litharge  in  Hearth  Furnaces. 

Scotch  hearths  and  Siberian  reducing  furnaces  are 
used  for  this  purpose.  The  process  is  conduced  in  the 
Siberian  reducing  furnace  as  follows : — The  furnace,  which 
is  of  very  small  dimensions,  is  filled  with  glowing  coals  and 
put  before  the  cupelling  furnaces,  and  the  litharge  as  it  flows 
oif  is  made  to  run  direA  into  the  small  reducing  furnace, 
causing  the  reduction  to  take  place  at  a  low  temperature,  and 
consuming  a  comparatively  small  quantity  of  fuel.  Whilst 
skimming  off  the  first  dross  the  reducing  furnace  is  either 
not  brought  close  up  or  is  closed  with  an  iron  plate  covered 
with  marl.  If  the  process  of  forming  litharge  is  interrupted 
by  an  after-charge  of  lead,  the  reducing  furnace  is  likewise 
covered  with  the  iron  plate. 

Although  very  simple  and  inexpensive,  this  plan  has  the 
following  disadvantages : — 

1.  In  the  cupelling  process  a  highly  argentiferous  litharge 
is  likely  to  be  produced,  as  the  wofkman  is  prevented  ob- 
serving whether  any  lead  runs  out  with  the  litharge,  whilst 
in  the  usual  process  the  metal  is  clearly  visible  on  the  soli- 
difying litharge.  When  the  lead  produced  from  litharge  is 
to  be  desilverised,  this  disadvantage  is  of  no  consequence 
(Hungarian  smelting  works), 

2.  The  workmen  are  more  exposed  to  heat  and  lead  fume. 
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3.  The  manipulations  in  the  cupelling  furnace  have  to  be 
conducted  at  a  greater  distance,  interfering  with  an  exa<5l 
observation  of  the  process ;  this  is  chiefly  occasioned  by  the 
lead  fume  escaping  from  the  reducing  furnace. 

These  disadvantages  have  prevented  a  general  introduc- 
tion of  the  process,  although  it  has  often  been  tried  at  Frei- 
berg,* Tamowitz,t  Upper  Hart2;,t  Schemnitz,||  &c. 

At  Barnaul, §  in  Siberia,  the  reducing  furnace  is  two  feet 
high  and  12  inches  broad  and  deep.  It  is  composed  of  cast 
iron  plates,  three  of  them  cast  into  one  piece,  resting  upon 
an  iron  bottom  plate.  The  fourth  plate,  which  is  fixed  against 
the  three  plates,  is  furnished  with  an  opening  forming  the 
front  of  the  furnace.  The  sole  of  the  furnace  has  a 
sump  from  which  the  lead  is  condufted,  by  means  of  a  move- 
able spout,  into  pans  which  are  placed  round  the  furnace. 

At  FemezelylT  (Hungary),  the  litharge  is  reduced  in  small 
cast  iron  furnaces,  30  inches  high,  16  inches  broad,  and  18 
inches  wide ;  the  front  wall  is  pierced  with  circular  holes, 
and  placed  about  two  inches  deep  against  a  sloping  channel, 
which  conduAs  the  lead  to  a  crucible  situated  in  the  sole  of 
the  smelting  house.  The  crucible  is  kept  filled  with  char- 
coal; the  air  required  for  combustion  enters  through  the 
lower  part  of  the  furnace,  and  by  the  holes  in  the  front  wall. 
This  furnace  produces  about  70  per  cent  of  the  cupelled 
lead,  and  a  variable  quantity  of  dross  and  residues.  9  cwts. 
of  lead  require  about  12  cubic  feet  of  charcoal. 

The  process  of  reducing  litharge  in  Scotch  furnaces  is  very 
simple,  consuming  little  fuel,  but  causing  a  great  loss  of 
lead  if  not  furnished  with  ample  condensation  chambers. 

At  the  smelting  works  at  Bottino,  in  Tuscany,  from  about 
6  tons  6  cwts.  of  second  litharge,  5  tons  6  cwts.  of  market- 
able lead,  and  12  cwts.  of  poor  slags  were  produced. 

*  Karst.  Arch.,  2  R.,  xi.,  232. 

t  Polyt.  Centrlbl.,  1836,  No.  50. 

X  Kerl,  Oberh.  Huttenpr.,  i860,  p.  605. 

)|  Karst.  Arch.,  2  R.,  ix.,  228. 

§  Karst.  Arch.,  2  R.,  ix.    Polyt.  Centrlbl.,  1836,  No.  50. 

f  Jahrb.  d.  K.  K.  geol.  Reichsanst.,  1853,  No.  3,  p.  6zo,  612. 


Digitized  by 


Googl^ 


l82  LEAD. 

In  the  same  operation  about  4J  cwts.  of  third  litharge, 
and  loj  cwts.  of  dross  were  reduced,  giving  12  cwts.  of 
lead  for  the  cupelling  process,  and  z  cwts.  of  rich  slags ;  the 
total  consumption  of  coal  amounted  to  about  34  cwts.  The 
slags  are  re-smelted  in  cupola  furnaces. 

At  Pezey  and  Pontgibaud  the  Scotch  furnaces  yielded  89 
per  cent  of  lead  from  litharge. 


REDUCTION  OP  THE  DROSS. 

When  smelting  very  impure  raw  lead  in  cupelling  fur- 
naces, even  before  starting  the  blast  engine,  a  dark  crust  is 
produced  on  the  bath  of  metal,  consisting  chiefly  of  sul- 
phuretted and  oxidised  metals  and  earthy  substances, 
as  well  as  some  raw  lead  mechanically  intermixed.  If  this 
crust  is  formed  in  considerable  quantity,  it  is  skimmed 
off  from  the  metal  bath,  and  goes  by  the  name  of  abzug 
(Lower  Hartz).  When  smelting  purer  lead,  the  crust  is  not 
skimmed  off,  but  changes  into  an  oxidised  slag-like  mass 
(black  litharge),  chiefly  containing  those  substances  which 
have  a  greater  affinity  for  oxygen  than  is  possessed  by  lead, 
such  as  antimony,  arsenic,  iron,  zinc,  &c.  A  small  quantity 
of  sulphur,  which  always  retains  copper  and  silver,  causes 
the  dark  colouration  of  the  black  litharge  at  the  beginning 
of  the  period ;  as  the  foreign  substances  are  removed,  the 
litharge  becomes  richer  in  oxide  of  lead,  and  assumes  a  more 
yellowish  green  colour. 

This  black  litharge  will  give,  when  submitted  to  a  reducing 
smelting,  a  more  or  less  antimonial  hard  lead,  which  is 
chiefly  used  for  the  manufaAure  of  printing  type,  shot,  &c. 

To  separate  the  raw  lead  which  is  mechanically  inter- 
mixed with  the  dross,  and  to  reduce  part  of  the  oxide  of 
lead  in  order  to  concentrate  the  antimony  into  the  remaining 
part,  the  dross  is  sometimes  submitted  to  a  refining  process 
in  a  cupelling  furnace  before  it  undergoes  reduction ;  in  this 
case  the  hearth  of  the  cupelling  furnace  is  made  of  small 
coal  mixed  with  loam,  and  some  marl  or  sand. 

The  dross  is  mostly  reduced  in  the  furnaces  which  were 
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used  for  the  reduftion  of  litharge,  but  cupola  furnaces  are 
preferable,  and  a  saving  of  fuel  and  a  greater  yield  of  metal 
have  been  effeAed  in  high  furnaces.  The  process  of  reducing 
dross  is  slower  than  that  of  reducing  litharge,  as  the  dross 
is  more  difficult  to  fuse,  and  requires  some  addition  of  slag ; 
poorer  slags  result  when  using  coke  instead  of  charcoal. 

The  chief  produAs  are — 

a.  Hard  Lead,  which  is  either  sold  as  such  or  refined. 
Its  composition  is  shown  in  the  following  analyses : — 


Pb. 

Sb. 

As. 

Cu. 

Fe.  Zn. 

I. 

85-34 

14-06 

— 

0-50 

o-io 

2. 

77-36 

22-75 

— 

— 

— 

3- 

86-34 

12-98 

— 

0-68 

— 

4- 

83-91 

i6-oi 

— 

0-04 

0-04 

5- 

91*80 

3-98 

3*24 

0*69 

0-12 

6. 

9473 

2-02 

1-92 

0-48 

o-ii 

7. 

82-40 

10-04 

3'oo 

2-28 

i'o8 

8. 

84-10 

14-60 

— 

1-20 

— 

9- 

81-27 

16-40 

— 

2-29 

0-04 

lO. 

91-40 

8-20 

0-40 

— 

— 

n. 

95*6o 

2-40 

— 

trace 

— 

12. 

93-00 

7-00 

— 

trace 

— 

Nos.  I  to  4  are  from  the  Upper  Hartz,  5  and  6  from  Frei- 
berg, 7  and  8  from  the  Lower  Hartz,  9  from  Holzappel, 
10  from  Katzenthal,  11  from  Villefort,  12  from  Pezey. 

b.  Slags,  vaiying  in  the  amount  of  lead  they  contain. 


Illustrations  of  the  Processes  for  the  Redu<5tion  of 

Dross. 

At  the  smelting  works  of  the  Upper  Hartz,  the  dross 
resulting  from  the  middle  smelting  period  contains  from  80 
to  86  per  cent  of  hard  lead  and  0-0012  per  cent  of  silver ;  it 
is  fused  upon  a  foundation  of  brush-wood,  and  in  cupelling 
furnaces  without  the  application  of  blast,  in  quantities  of 
3  tons,  6  cwts. ;  the  smelted  mass  is  tapped  oif  into  a  basin  in 
which  the  raw  lead  colle(5ts,  whilst  the  dross  runs  over  the 
border  of  the  hearth  on  to  the  sole  of  the  smelting  house. 
The  result  from  3  tons,  6  cwts.  of  dross  is  about  12  cwts.  of 
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raw  lead  containing  0'02  per  cent  of  silver,  consuming  from 
360  to  420  bundles  of  brush-wood,  each  bundle  being  42  inches 
long  and  30  inches  in  circumference.  The  porous  dross  is 
then  broken  into  pieces  and  treated  in  the  litharge  reducing 
furnaces.  One  charge  consists  of  40  lbs.  of  coke,  if  cwts. 
of  dross,  and  50  lbs.  of  matt  slag  from  the  reducing  smelting. 
25  tons  of  dross  with  i  ton  of  reducing  slags  and  12  cwts. 
of  matt  slag  are  treated  in  four  days,  consuming  4  tons, 
II  cwts.  of  coke,  and  11  cwts.  of  charcoal,  and  producing — 

1.  Fifteen  tons,  18  cwts.  of  Hard  Lead,  containing  o'ooi  to 
o'0025  per  cent  of  silver;  this  has  little  or  no  dudlility, 
emits  a  clear  sound  when  struck,  has  a  granular  fradture, 
and  solidifies  in  the  moulds  much  more  slowly  than  common 
lead  produced  by  the  reducing  process. 

2.  Slags,  containing  0*0005  per  cent  of  silver  and  from 
9  to  10  lbs.  of  lead  per  cwt. ;  these  are  re-worked  in  the  same 
process  together  with  the  metallic  fume. 

At  the  smelting  works  of  the  Lower  Hart^,*  the  black 
litharge  contains  at  the  commencement  of  its  formation  80 
or  82  per  cent  of  lead,  4  or  6  per  cent  of  antimony,  and  J  or 
f  of  oz.  of  silver  per  cwt. ;  it  is  reduced  in  the  same  way  as 
the  litharge,  with  charcoal  and  an  addition  of  ith  of  unrefined 
copper  ore  slags.  5  tons  consume  160  cubic  feet  of  charcoal 
in  24  hours,  and  produce — 

1.  About  2|  tons  of  Hard  Lead  containing  0*437  oz.  of 
silver  when  charcoal  has  been  used,  and  0*468  oz.  of  silver 
when  coke  has  been  used. 

2.  Prom  10  to  16  cwts.  of  Slags,  containing  15  or  20  per  cent 
of  lead  by  using  charcoal,  and  4  to  4J  per  cent  of  lead  when 
using  coke.  These  slags  are  either  worked  together  with  the 
lead  ore,  or  treated  by  themselves  with  coke ;  the  resulting 
hard  slag  lead  contains  up  to  ^  oz.  of  silver,  the  slags  4  or  5 
per  cent  of  lead. 

As  the  raw  lead  in  these  works  is  very  impure,  the  first 
dross  is  removed  separately  and  treated  by  itself  for  the 
extradlion  of  its  silver,  copper,  and  lead.    This  process  is 

*  Kerl,  Unterharxer  Huttenpr.,  1861,  p.  67. 
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very  much  like  the  process  for  reducing  litharge.  The 
first  dross  and  black  litharge,  containing  from  74  to  88  percent 
of  lead  and  i  J  or  2|  oz.  of  silver,  yield  by  it — 

1.  Raw  Lead  with  about  i|  oz.  of  silver,  which  is  refined, 
and  the  residues  are  treated  for  the  produAion  of  a  matt 
containing  40  or  50  per  cent  of  copper. 

2.  Matt  containing  40  or  50  per  cent  of  plumbiferous 
copper,  which  is  worked  for  the  produftion  of  copper. 

3.  Slags ;  these  are  treated  according  to  the  amount  of 
metal  they  contain. 

At  Przibram*  the  dross  (black  litharge)  is  re-smelted  in 
lots  of  3  tons  15  cwts.  in  20  or  22  hours,  giving  raw  lead 
containing  i  or  i|-  ozs.  of  silver,  and  slag  (refined  dross) 
containing  56  or  60  per  cent  of  lead.  This  refined  dross  is 
reduced  like  litharge  in  cupola  furnaces.  Prom  31  tons  17 
cwts.  of  refined  dross  with  11^  tons  of  slags  from  the  same 
process,  together  with  11  tons,  9  cwts.  of  iron  refinery  cinders 
and  3,890  cubic  feet  of  charcoal,  were  produced  15  tons  of 
hard  lead  and  17  tons  7  cwts.  of  slags. 

At  Freiberg  different  modes  of  treating  the  dross  are  used 
according  to  its  composition. 

I.  Dross  rich  in  antimony  is  reduced  like  litharge  with  a 
small  addition  of  old  lead  slags,  producing  hard  lead  and 


2.  Dross  containing  much  copper  is  treated  with  an  addi- 
tion of  old  lead  slags,  and  pyritic  residues  or  magnetic  iron 
ore,  and  with  coke,  giving  lead,  matt  and  slags. 

3.  Dross  resulting  from  the  cupellation  of  rich  lead  is  added 
to  the  mixture  at  the  lead  smelting  process. 

At  Holzappel  the  dross  is  treated  as  at  the  Upper  Hartz. 
Hard  lead  fit  for  shot  is  produced  by  reducing  the  dross 
resulting  from  the  treatment  of  litharge  in  reverberatory 
furnaces. 

At  Mtlsen  the  second  dross  is  reduced ;  5  tons  producing 
4  tons  of  hard  lead,  with  a  consumption  of  15  cwts.  of  coke. 
I  ton,  15  cwts.  of  the  slags  from  this  process  yield  3  cwts.  of 

*  Oesterr.  Ztschr.,  1858,  p.  349.    B.  u.  h.  Ztg.,  1843,  p.  807. 
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hard  lead^  consuming  22  cubic  feet  of  coke  and  3  cwts.  of 
iron  cinders. 

At  the  smelting  works  at  Ems  the  dross  is  treated  in 
a  Carinthian  reverberatory  furnace^  and  from  the  5  tons  of 
lead  contained  in  the  dross  there  result  62*08  per  cent  of 
hard  raw  lead,  and  36*2  per  cent  of  lead  in  the  residues. 
The  loss  is  172  per  cent.  The  residues  are  treated  in  cupola 
furnaces  for  the  produAion  of  marketable  hard  lead ;  the  hard 
raw  lead,  is  cupelled  in  lots  of  i^  tons. 


TREATMENT  OP  THE  BOTTOMS  OP  PURNACES. 

The  hearth  of  a  cupelling  furnace,  consisting  chiefly  of 
marl  and  wood-ash,  or  lime  and  clay,  will  always  be  found 
impregnated  with  oxide  of  lead  after  having  been  used.  This 
hearth  is  only  in  rare  cases  worked  up  by  itself ;  most  fre- 
quently it  is  added  to  the  mixtures  for  other  smelting  opera* 
tions.  It  is  worked  by  itself  in  some  Siberian  smelting  works,* 
being  smelted  in  reverberatory  furnaces  with  old  slags  and 
scrap  iron. 

At  Tamowitz  the  hearth  from  the  cupellation  of  poor  lead 
is  worked  for  the  produAion  of  marketable  lead,  and  that 
from  the  cupellation  of  rich  lead  for  producing  raw  lead. 


REDUCTION  OP  LEAD  SLAGS. 

The  richer  slags  are  usually  worked  up  in  other  processes, 
often  without  considering  the  injurious  influence  this  has 
upon  the  quality  of  the  resulting  metal,  t 

On  the  other  hand,  a  separate  smelting  process  for  ex- 
tracting the  greater  part  of  the  lead  from  the  slags  does  not 
always  give  good  results,  as  the  price  of  fuel,  lead,  and  labour 
has  to  be  considered,  as  well  as  the  amount  of  lead  contained 
in  the  slags. 

The  lead  in  slags,  being  combined  with  silica,  requires 

*  OesteiT.  Ztschr.,  1854,  p.  4x0. 
f  TuNNBR,  Jahrb.|  1852,  ii.,  p.  270^ 
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fluxes  containing  strong  bases,  such  as  lime,  protoxide  of 
iron,  &c.,  and  high  temperatures,  by  which  the  consumption 
of  fuel  is  increased.  If  the  mixture  is  too  easily  fusible,  the 
redu<aion  of  .the  oxide  of  lead  will  be  incomplete,  or  if  the 
fusibility  is  caused  by  ferruginous  substances,  deposits  of  iron 
will  be  separated,  thus  injuring  the  process.  When  the 
mixture  is  too  difficult  to  fuse,  the  great  amount  of  fuel  re- 
quired renders  the  process  very  expensive.  Coke  is  preferable 
to  charcoal,  and  the  hot  blast  has  been  sometimes  advan- 
tageously applied. 

Occasionally  it  is  advisable  to  smelt  the  slags  with  pyritic 
ores  for  the  produdlion  of  raw  matt  (Freiberg),  or  also,  by  a 
small  addition  of  p}aites,  to  concentrate  in  a  matt  the  copper 
contained  in  the  slags.  The  process  may  be  carried  on  both 
in  cupola  and  in  reverberatory  furnaces. 

Illustrations  of  the    Processes  for  the  Redu<5tion   of 
Lead  Slags. 

At  the  smelting  works  near  Freiberg,  the  lead  ore  slags  are 
treated  in  reverberatory  furnaces  for  the  production  of  raw 
matt,  and  the  slags  from  the  litharge  and  dross  reducing 
process  are  treated  in  admixture  with  p}rrites  for  the  pro- 
duction of  lead  and  matt. 

At  Tamowitz,  the  ordinaiy  slags  are  treated  in  cupola  fur- 
naces with  iron  refinery  cinders,  and  sometimes  with  metallic 
iron. 

At  the  Saigerhdtte,  near  Hettstadt  (Mansfeld),  old  lead 
slags,  containing  from  10  to  13  per  cent  of  lead,  are  worked 
in  a  cupola  furnace  14  feet  high  ;  the  profit  is  very  small. 

In  several  smelting  works  in  the  province  of  Iglesias,*  in 
the  island  of  Sardinia,  old  lead  ore  slags,  containing  from  11 
to  18  per  cent  of  lead  and  0*35  oz.  of  silver  in  2  cwts.,  and 
litharge  reduction  slags,  containing  up  to  43  per  cent  of 
lead  and  0*2  oz.  of  silver  per  2  cwts.,  are  worked.  For 
instance,  at  the  smelting  works  in  Domusnovas,  nine 
cupola  furnaces  are  used  for  the  smelting  of  slags.    These 

*  Oesterr.  Ztschr.,  x86i,  p.  395. 
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furnaces  are  4*5  metres  high  above  the  tuyere ;  some  have 
two  and  three  tuyeres. 

The  slags  are  composed  as  follows  : — 

SiOj 29*00 

PbO 16-00 

FeO 2805 

SbOa 3-50 

ZnO 0*40 

AI2O3 I2'00 

CaO 1-55 

FeS 9-50 

In  24  hours  about  8  tons  are  treated  with  6  per  cent  of 
iron  borings  and  cast  iron,  producing  10  or  n  per  cent  of 
lead,  at  a  consumption  of  15  or  17  per  cent  of  oak  charcoal. 

Sperpieri  has  founded  in  Cagliari  the  first  works  for 
smelting  Sardinian  slags,  and  he  produces  1,000  tons  of  lead 
per  annum.  This  lead  is  richer  in  silver  than  that  produced 
from  galena  in  other  works,  and  it  has  lately  been  treated 
according  to  Pattinson's  process  in  the  works  near  Genoa, 
which  are  capable  of  treating  annually  more  than  3,000  tons 
of  lead. 

In  different  parts  of  Spain,  in  Amadir,*  near  Almazaron, 
for  instance,  old  Roman  slags  are  worked. 


DIVISION   III. 


PURIFICATION  OP  THE  LEAD. 

The  lead  produced  in  smelting  works  is  never  chemically 
pure  ;  it  contains,  according  to  the  foreign  substances  asso- 
ciated with  the  ore,  copper,  silver^  antimony ,  arsenic,  zinc,  iron, 
bismuth,  nickel,  and  sulphur.  These  substances  render  the 
lead  more  or  less  hard  and  sonorous,  and  lessen  its  value 
by  rendering  it  less  applicable  both  for  chemical  manu- 
factures  and  for  mechanical  purposes.      With  regard  to 

*  B.  u.  h.  Ztg.,  1862,  p.  6a. 
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the  former  disadvantage,  copper^  antimony^  and  arsenic  are 
chiefly  injurious,  and  in  the  latter,  chiefly  antimony  and 
arsenic ;  for  instance,  the  rolling  of  the  lead  is  not  prejudiced 
by  a  certain  amount  of  co]()per,*  and  the  purest  lead  will 
sometimes  show  itself  brittle  at  rolling  in  consequence  of  a 
crystalline  struAure  (Pattinson's  lead).!  A  small  amount 
of  oxide  is  said  to  make  lead  harder,  as  suboxide  of  copper 
does  copper.  J 

According  to  the  investigations  of  Reich  ||  and  Streng,§  iron 
enters  but  little  into  combination  with  lead  unless  the  metals 
are  some  time  in  contaA,  as,  for  instance,  when  lead  is 
melted  in  iron  vessels.  Iron  is  mostly  separated  by  oxidising 
the  surface  of  the  metal,  so  that  seldom  more  than  o'02  to 
0*07  per  cent  of  iron  remains  in  it.  The  highest  amount  of 
zinc,  according  to  Matthiessen  and  v.  Bosse,1F  which  remains 
in  lead  is  i'5  per  cent. 

The  purer  the  lead  the  higher  is  its  specific  gravity,  and 
the  greater  its  softness  and  dudtility. 

In  English  smelting  works  it  is  regarded  as  an  infallible 
sign  of  the  purity  of  the  lead  if  there  is  an  iridescent  appear- 
ance when  an  iron  rake  is  inoved  across  the  molten  surface, 
beginning  at  the  working  door.  The  workmen  sometimes 
take  small  samples,  pour  them  upon  a  hot  iron  plate,  and 
observe  whether  the  lead  forms  round  globules  or  not ;  if  no 
globules  are  formed,  the  lead  is  tolerably  soft.  This  sig^  is 
of  value  if  the  lead  contains  arsenic,  but  of  little  use  when  it 
contains  antimony. 

The  methods  used  for  purifying  impure  raw  lead  (for  Pat- 
tinson's process)  or  impure  lead  poor  in  silver,  so  as  to  make 
it  marketable,  are  founded  upon  the  principle  either  of  sepa- 
rating admixtures  diflicult  to  fuse  by  a  process  of  liquation, 
or  of  exposing  the  lead  to  the  oxidising  influence  of  the 
common  air  or  of  a  blast,  in  a  more  or  less  high  temperature, 

*  Kerl.  Oberharzer  Hiittenpr.,  1861,  p.  446. 

f  Ibid.,  p.  624. 

X  Dingler's  Polyt.  Journ.,  Bd.  32,  p.  286. 

II  Freiberger,  Jahrb.,  i860.    B.  u.  h.  2tg.,  i860,  p.  28,  284. 

§  B.  u.  h.  Ztg.,  i860,  p.  127,  284. 

H  Erdm ANN'S  Joi^rn.  f.  pr.  Chemie,  Bd.  84,  p.  323. 
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and  for  longer  or  shorter  periods,  according  to  the  quantity 
and  quality  of  the  foreign  admixtures. 

When  smelting  at  as  low  a  temperature  as  possible,  iron, 
zinc,  and  copper  separate  almost  entirely  from  the  lead,  and 
swim  on  its  surface  as  a  pasty,  half-melted  mass,  provided 
the  crust  is  repeatedly  skimmed  off;  arsenic  and  antimony 
require  a  longer  oxidising  smelting,  and  sometimes  the  appli- 
cation of  blast,  to  become  partly  volatilised,  and  partly 
separated  as  a  dross-like  mass  on  the  surface  of  the  liquid 
lead*  The  loss  of  lead  and  the  expense  of  the  process  are 
increased  by  using  a  high  temperature,  by  a  long  calcination, 
and  by  the  application  of  a  blast.  Reich*  states  that  if  cupri- 
ferous dross  is  kept  in  contaft  with  the  lead  for  a  longer 
time  and  at  a  high  temperature,  part  of  the  copper  will  again 
enter  into  combination  with  the  lead.  These  different  kinds 
of  dross  are  afterwards  treated  in  various  ways. 

The  Modes  of  Purification  are  as  follows : — 
A.  Skimming  the  Lead. — The  lead  produced  by  reducing 
litharge,  and  which  has  been  tapped  off  into  the  basin, 
is  freed  by  repeated  skimmings  from  the  cupriferous  and 
antimonial  dross  which  forms  upon  its  surface;  this  goes 
on  till  the  lead  has  attained  a  suitable  temperature  for  being 
ladled  into  moulds.  In  England  the  skimming  is  effeAed 
by  means  of  two  wooden  boards,  and  in  Germany  by  an 
iron  scraper,  and  is  repeated  till  the  colour  of  pure  lead 
appears.  This  mode  of  purification  is  only  effeAive  with 
the  purer  sorts  of  lead  containing  little  copper.  It  is  some- 
times assisted  by  mixing  wood  shavings  and  brush-wood,  &c., 
with  the  molten  lead,  and  stirring  it  up  with  them,  when  a 
development  of  gases  will  take  place,  causing  mechanically 
admixed  impurities  to  rise  to  the  surface,  and  also  facilitating 
the  oxidation  of  the  foreign  substances  by  increasing  their 
contact  with  the  air.  In  this  way  the  subsulphide  of  lead 
which  is  frequently  contained  in  lead  produced  in  reverbera- 
tory  furnaces,  rendering  it  pasty,  may  be  removed,  as  well 
as  the  sulphide  of  lead,  and  intermixed  particles  of  ore,  &c. 

*  B.  u.  h.  Ztg.,  i860,  p.  284. 
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B.  The  Liquation  Process,  chiefly  used  for  separating  the 
substances  difficult  to  fuse  (copper,  nickel,  iron,  &c.),  which 
are  present  in  larger  quantities  in  lead  (Lower  Hartz) ;  this 
process  is  mostly  condudled  on  the  liquation  hearth,  and, 
though  veiy  simple,  is  imperfedl  and  causes  great  loss  of 
metal. 

c.  The  Process  of  Stirring  the  Smelted  Lead  with  a 
Birch  Pole. — This  is  done  at  Altenau  (Upper  Hartz)  in  the 
following  way : — ii  tons  5  cwts.  of  lead  are  melted  in  an 
iron  vessel,  5  feet  6^  inches  in  diameter,  and  2  feet  10  inches 
deep,  for  6  or  8  hours,  the  impurities  which  rise  to  the  top 
(about  Jth  of  the  charge)  are  then  coUefted  together  by  a 
piece  of  wood,  and  put  into  moulds  by  means  of  a  pierced  ladle. 
After  a  lapse  of  half  or  three-quarters  of  an  hour  the  sur- 
face  becomes  bright,  and  then  a  birch  pole  is  moved  about  in 
the  metal  bath  by  machinery  for  two  hours ;  by  this  mani- 
pulation the  metal  begins  to  bubble  fiercely,  the  surface  is 
continually  renewed,  and  an  ample  separation  of  impurities 
is  eifeAed,  which  are  removed  in  pierced  ladles.  According 
to  Streng's  investigations,  the  greatest  part  of  the  antimony 
and  copper  is  separated  by  this  process ;  this,  for  the  not 
very  impure  argentiferous  raw  leads  of  the  Upper  Hartz, 
appears  preferable  to  the  calcination  process  in  reverberatory 
furnaces,  as  it  saves  fuel,  time,  and  labour,  and  also  causes 
less  loss  of  lead. 

At  the  smelting  works  in  Stadtgrund  and  Schemnitz*  (Hun^ 
gary),  the  lead  is  liquated  in  a  reverberatory  furnace,  with  a 
sloping,  tray-like  sole,  and  is  then  treated  with  a  pole,  the 
liquated  lead  running  into  a  kettle  which  stands  outside 
the  furnace.  This  mode  is  less  expensive,  the  consumption 
of  fuel  is  a  little  larger,  the  production  is  greater  (the  loss  of 
lead  being  from  o'sg  to  073  per  cent),  and  the  lead  (a)  is 
purer  than  from  the  liquation  process  formerly  used  (6). 


Pb. 

Ag. 

Cu. 

Sb. 

Fe.          Zn. 

a. 

98-954 

0-005 

0-456 

0'2I2 

0-126    trace 

b. 

99.900 

trace 

0-090 

— 

0-009      — 

•  Schemnitzer  und  Leobener  Jahrbuch,  1862,  Bd.  xi.,p.  130,  p.  199.    Berg, 
und  Huttenmannische  Zeitung,  1857,  P  ^^  f  '^59>  P*  ^7* 
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Experiments  on  the  application  of  this  process  for  the 
purification  of  the  antimonial  lead  of  Stolberg,  did  not  suc- 
ceed. 

D.  Pattinson's  Process. — This  crystallisation  process 
can  only  be  advantageously  employed  with  the  purer  kinds, 
mostly  calcined  raw  leads,  and  as  it  yields  lead  of  great  purity  f 

is  chiefly  adopted  with  lead  rich  in  silver  (Altenau,  Freiberg).  ;j 

Baker  calls  attention  to  the  fadl  that  the  small  quantities  of 
copper  and  antimony  contained  in  lead,  enter  chiefly  into  the 
argentiferous  mother  liquor,  whilst  arsenic  coUefts  in  the 
crystals.  If  the  raw  lead  contains  a  larger  amount  of 
copper,  the  crystals  also  become  cupriferous,  and  in  this  case 
a  calcination  of  the  raw  lead  is  advisable. 

The  following  analyses  of  lead  treated  by  Pattinson's  pro- 
cess will  be  of  interest : — 


Specific 

Pb. 

Sb. 

Cu. 

Zn. 

Fe. 

Ag.        As. 

gravity. 

I. 

99*955 

0'0i6 

0*017 

0*009 

0*003 

—        — 

— 

2. 

99-897 

0*040 

0*020 

0*008 

0*035 

—        — 

"'395 

3- 

— 

O'OI 

0*095 

— 

o*o6 

—      0*01 

11-373 

4- 

— 

0*04 

0*14 

— 

0-02 

—      0*01 

11-365 

5- 

— 

— 

0*0054 

— 

0*0112 

0*0014  — 

— 

6. 

99-907 

0-053 

0*026 

0*001 

0*003 

—        — 

— 

7. 

99-952 

0*007 

0*026 

0*009 

0*006 

—        — 

— 

Nos.  I  and  2,  lead  from  Altenau  (Upper  Hartz).  No.  3 
and  4,  lead  from  Freiberg.  No.  5,  refined  lead  from  Sheffield, 
by  Baker,  from  lead  containing  0*0046  per  cent  Ag,  0*0066 
per  cent  Cu,  and  0*0065  per  cent  Fe  (Berg.  u.  h.  Ztg.,  1857, 
p.  26).  No.  6,  lead  from  Eschweiler.  No.  7,  lead  from 
Stolberg. 

E.  Oxidising  Smelting  in  Air  Reverberatory  Furnaces, 
applicable  to  impure  leads  either  poor  or  rich  in  silver. 

In  England,  in  many  smelting  works,  cupriferous  or  anti- 
monial leads  are  calcined  in  reverberatory  furnaces,  and 
afterwards  treated  by  Pattinson's  process*.  When  calcining 
large  quantities  of  less  pure  raw  lead,  the  hearth  of  the  fur- 
nace usually  consists  of  a  cast-iron  pan  with  one  fire-place, 
or  with  two,  opposite  each  other  (Panther  Works  at  Bristol). 
When  working  purer  lead,  a  furnace  with  a  very  low  hearth 
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is  sufficient  (smelting  works  at  Par  in  Cornwall,  and  at  Dee- 
bank  in  Flintshire),  or  one  furnished  with  a  Pattinson*s  boiler, 
instead  of  a  hearth  (Enthoven  lead  works  at  Rotherhithe, 
near  London).  These  boilers  are  more  durable  than  cast- 
iron  pans,  and  as  the  calcined  raw  lead  is  not  very  impure, 
they  allow  the  calcination  of  six  or  eight  tons  in  seven  hours. 
The  weight  of  the  charges  and  the  time  for  calcination  vary 
according  to  the  purity  of  the  raw  lead ;  two  charges  of  lead, 
each  five  or  eight  tons,  are  usually  worked  in  24  hours.  The 
resulting  dross  is  either  smelted  for  the  produAion  of  hard 
lead  (Par),  or  reduced  in  a  reverberatory  furnace  with  a 
sloping  sole ;  the  resulting  lead  is  refined  and  treated  by 
Pattinson's  process,  and  the  dross  from  the  latter  calcination 
process  worked  in  Castilian  furnace  for  the  produAion  of 
hard  lead  (Rotherhithe).  Sometimes  the  dross  is  so  impure 
and  rich  in  antimony  that  it  is  not  reduced,  but  reserved  for 
sale  (Deebank). 

Lead  calcining  furnaces  with  cast-iron  hearth  pans*  are 
represented  by  Figs.  61,  62,  and  63.  Fig.  61  represents  an 
elevation,  and  Fig.  62  a  vertical  seftion.     Fig.  63  is  the  pan 

Figs.  6i  &  62. 
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•  Phillips'   Manual  of  Metallurgy.  London,   1852,  p.  494.    B.  u.  h.  Ztg., 
1859,  p  433.     Ure's  Didkionary  of  Arts,  &c.   London  :  1867,  vol.  ii.,  p.  823. 
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removed  from  the  masonry,  and  shows  a  groove  in  the  lip 
for  the  introduAion  of  a  sheet-iron  dam  luted  with  moistened 
bone-ashy  for  keeping  in  the  fused  metal.  In  more  modem 
furnaces  of  this  description,  the  comers  are  usually  rounded 
to  prevent  breakage  from  expansion,  whilst  the  tapping  is 
efife<5ted  by  means  of  a  hole  through  the  bottom  near  one  of 
the  sides,  which  is  closed  by  means  of  an  iron  plug  kept  in 
its  place  by  a  weighted  lever.  The  pan  is  i^  inches  thick  at 
the  sides,  and  3  inches  at  the  bottom.  It  rests  upon  a  sup- 
port of  sandstone,  and  the  back  is  somewhat  deeper  than  the 
front;  whilst  in  the  masonry  a  space  of  i  inch  is  left 
lengthways,  and  i^^  inches  sideways  for  its  expansion,  a  is  the 
fire-place  ;  b,  the  ash-pit ;  c,  the  fire-bridge  ;  d,  the  cast-iron 
pan  ;  B,  the  flue  ;  p  p  p,  the  channels  for  allowing  the  escape 
of  moisture ;  g,  the  working  door ;  H,  the  spout  for  tapping 
off  the  metal. 

The  fire-bridge  is  either  solid,  or  provided  with  a  vertical 
slit  which  communicates  with  a  horizontal  channel,  opening 
over  the  edge  of  the  pan  and  serving  to  introduce  air. 

The  pan  is  about  10  feet  long,  5  feet  6  inches  wide,  and 
10  inches  deep.  The  fire-place,  which  is  i  foot  8  inches 
wide,  and  5^  feet  long,  is  separated  from  the  pan  by  the 
fire-bridge,  2  feet  in  width.  The  height  of  the  arch  at  the 
bridge  end  is  i  foot  4  inches  above  the  edge  of  the  pan, 
whilst  at  the  outer  extremity  it  is  only  about  8  inches. 

The  lead  to  be  introduced  into  the  pan  is  either  first  fused  in 
a  large  iron  pot  fixed  in  brick-work  at  the  side  of  the  furnace, 
and  subsequently  ladled  into  the  furnace  through  an  iron  gutter 
adapted  for  the  purpose,  or  the  pigs  of  lead  are  thrown  into 
the  furnace  when  it  is  red  hot,  through  the  working  door. 


Digitized  by  VjOOQIC 


OXIDISING  SMBLTINQ  IN  RBVBRBBRATORY  PURNACBS.   I95 

Prom  8  to  1I9  usually  lo,  tons  of  lead  are  charged  into 
the  red  hot  furnace,  and  at  this  temperature  the  mass  is 
frequently  and  strongly  stirred  till  the  surface  is  covered 
with  fluid  slag  about  half  an  inch  thick ;  three  or  four 
shovels  of  a  mixture  consisting  of  one  part  of  burned  lime 
and  two  parts  of  small  coal,  are  now  added  to  the  mass, 
and  stirred  well  into  it,  causing  a  redudtion  of  the  lead 
contained  in  the  slag,  by  which  the  latter  becomes  stiff 
and  dry,  and  may  be  removed  by  the  working  door.  This 
is  repeated  until  the  lead  has  become  sufficiently  pure 
and  soft,  which  is  ascertained  by  the  iridescent  appearance, 
and  by  a  sample  assuming  a  peculiar  crystalline  stniAure 
when  taken  out  of  the  furnace.  According  to  the  impurity 
of  the  lead,  one  calcination  may  take  from  12  hours  up- 
wards to  several  weeks.  The  skimmed  slags  are  reduced, 
the  resulting  hard  lead  is  calcined,  and  the  resulting  slag, 
rich  in  antimony,  is  smelted  for  the  produdtion  of  the  real 
hard  lead.  The  cost  for  refining  one  ton  of  Spanish 
lead  amounts  in  the  north  of  England  to  about  2S.  4*4d., 
viz.: — 


5.  d. 

Labour     •    .    .     .    i  11*2 

Coals,  27  cwts.      .    o  47 

Repairs,  &c.      .    .    o  0*5 


2s.  4'4d. 


At  Stolberg,  near  Aix-la-Chapelle,  the  raw  lead  is  calcined 
in  a  reverberatory  furnace  with  iron  hearth  pan,  previous  to 
its  treatment  by  Pattinson's  process.  These  furnaces  differ 
from  the  English  furnaces  in  having  two  fire-places,  one 
on  each  of  the  short  sides  of  the  furnace.  The  pan  is  9  feet 
i^  inches  long,  6  feet  i^  inches  broad,  and  $^  inches  deep. 
In  the  middle  of  one  of  the  long  sides  it  has  a  spout,  13 
inches  long  and  4^  inches  wide,  for  tapping  off  the  calcined 
metal ;  the  bottom  of  the  pan  is  2%  inches  thick,  the  edges 
li  inches  thick,  and  it  weighs  about  4  tons.  The  height  of 
the  arch  at  the  middle  of  the  furnace  is  26  inches  above  the 
bottom  of  the  pan,  and  22  inches  at  the  fire-bridges,  which 
are  20  inches  high,  measuring  from  the  grate,  and  10  inches, 
measuring  from  the  bottom  of  the  pan.  The  fire-place  is 
7  feet  long,  and  2  feet  2  inches  wide. 

o  2 
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A  charge  consists  of  3!^  or  4  tons,  and  is  smelted  at  a 
moderate  temperature  ;  the  metal  bath  is  kept  for  about 
10  hours  at  a  temperature  somewhat  below  redness,  which 
causes  the  impurities  to  separate  and  colle(5l  on  the  surface. 
During  the  first  few  hours  of  the  manipulation,  a  stronger 
heat  is  given  in  order  to  cause  a  quicker  removal  of  the  im- 
purities, and  some  shovels  of  small  coal  are  mixed  with  the 
separated  dross,  which  is  removed  as  soon  as  it  has  assumed 
a  dry,  pulverulent  consistency ;  these  operations  are  repeated 
for  about  10  hours,  when  a  sufficient  purity  is  obtained.  The 
lead  is  then  made  to  run  into  an  iron  boiler,  placed  before 
the  furnace,  heated  by  a  special  fire,  and  from  this  the  lead 
is  ladled  into  moulds  holding  i  cwt.  each.  At  Bleiberg  a 
furnace  is  used  which,  instead  of  the  iron  pan,  has  a  brick 
wall,  which  answers  well,  giving  a  good  result,  provided 
a  mixture  of  marl  and  coal  slack  is  strongly  beaten  down 
as  a  lining  to  the  brick  wall.  The  lead  remains  in  the 
furnace  for  24  hours,  during  which  time  the  antimonial  dross 
is  repeatedly  skimmed  off. 

At  the  smelting  works  at  Rouet*  (Department  of  the 
Mouths  of  the  Rhone),  reverberatory  furnaces  with  two  fire- 
places are  also  used ;  the  grates  are  0*8  metre  long,  and  0*6 
metre  wide.  The  hearth  is  4  metres  long,  i  metre  wide  at  the 
front,  and  3  metres  wide  at  the  back.  The  fire-places  are 
on  the  longer  sides,  and  one  working  door  is  on  the  narrower 
side  of  the  furnace.  The  hearth  is  made  of  trach}rtic  sand, 
and  lasts  a  long  time.  Very  impure  Spanish  lead  containing 
as  much  as  10  per  cent  of  antimony  is  calcined.  A  calcina- 
tion lasts,  according  to  the  purity  of  the  lead,  from  4  to  48 
hours,  and  the  loss  of  lead  amounts  to  from  i  to  3  per  cent. 
One  charge  of  8  tons  of  lead  required  36  hours  for  calcination, 
consuming  1*4  tons  of  coal,  and  yielding  7  tons  of  calcined 
lead  and  2,180  lbs.  of  dross. 

Oxidising  Smelting  in  Blast  Reverberatory  Furnaces. 
If  lead  contains  copper,  antimony,  and  arsenic  in  considerable 
quantities  a  stronger  oxidation  is  required;  this  may  be 
obtained  by  the  application  of  blast,  which  at  the   same 

*  Bulletin  de  la  Soci^t^  de  rindustrie  Min^rale,  St.  Etienne,  ii.,  414,  431. 
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time  causes  a  greater  loss  of  metal.  For  this  purpose 
either  a  cupelling  furnace  or  a  reverberatory  furnace,  pur- 
posely construAed  for  lessening  the  loss  of  metal,  is  used. 

At  the  smelting  works  near  Freiberg*  furnaces  are  used 
with  hearths  having  a  similar  form  to  that  of  the  fur- 
nace represented  on  page  139.  The  hearth  is  formed  some- 
times of  a  refraAory  mass,  sometimes  of  a  cast-iron  pan. 
The  pan  is  10  feet  long,  and  in  its.  middle  somewhat 
more  than  7  feet  broad,  on  the  fire-bridge  4  feet  4  inches 
broad,  and  on  the  opposite  side  it  is  i  foot  broad ;  the 
working  door  is  put  on  this  small  side.  The  pan  is  8  inches 
deep  in  the  middle,  9  or  10  inches  deep  in  the  centre  of  one 
side,  where  it  is  furnished  with  a  spout  for  tapping  off  the 
metal,  and  5  or  6  inches  deep  on  the  edges.  It  is  capable 
of  containing  5  tons  of  lead.  Another  furnace  is  furnished 
with  a  hearth  of  burned  clay,  which  is  beaten  down  upon 
iron  plates ;  it  is  larger,  having  the  capacity  of  6  tons  10 
cwts.  of  lead.  An  iron  pot  is  fixed  before  the  tap- 
hole,  and  the  charging  opening  is  on  the  opposite  side  of 
the  furnace;  the  hearth  is  covered  with  a  movable  iron 
cupola. 

The  lead  is  slowly  smelted,  and  the  cupriferous  metallic 
dross  formed  is  removed.  A  low  blast  is  then  thrown  in 
through  two  tuyeres  which  are  fixed  at  each  side  of  the  fire- 
bridge, for  removing  the  antimony  and  arsenic,  and  this  blast 
is  kept  on  till  the  lead  is  sufficiently  pure.  During  this  time 
the  dross-like  mass  formed  is  repeatedly  skimmed  off. 

The  degree  of  purity,  as  well  as  the  time  required  for  cal- 
cination, depends  on  the  purpose  for  which  the  lead  is 
intended. 

a.  Five  tons  of  lead  which  have  been  reduced  from  litharge, 
and  which  are  intended  for  treatment  by  Pattinson's  process, 
require  four  or  five  hours  for  calcination,  consuming  about 
23  cubic  feet  of  coal  in  24  hours.  A  sample  is  then  taken 
and  examined  as  to  its  duAility,  and  by  the  blow-pipe ;  the 
resulting  soft  lead  is  one  of  the  best  in  the  market  (vide 
analyses  on  page  135). 

*  Plattnbr*8  Vorlesungen,  herausgegeben  von  Richter,  ii.,  137. 
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6.  Five  tons  of  raw  lead  require  10  or  12  hours*  cal- 
cining for  a  subsequent  treatment  by  Pattinson's  process, 
consuming  about  nine  cubic  feet  of  coal. 

c.  Lead  reduced  from  furnace  ends  and  dross  of  the  dif- 
ferent processes,  being  similar  in  quality  to  hard  lead, 
requires  60  hours  or  more  for  calcination,  according  to  the 
purpose  for  which  the  calcined  lead  is  destined. 

The  following  analyses  may  prove  interesting : — 

1.  Lead  which  has  been  calcined  in  reverberatoty  furnaces : — 

Sb.       As.  S.  Sp.  gr, 

5-54    1-64         0-13     10-787 

.  not  detennined  —         1 0*987 

074     0*56  —         11-162 

o-o6    0-05  —       ii'340 

These  four  kinds  of  lead  are  slag  lead  from  Freiberg, 
analysed  by  Reich,  i,  raw  slag  lead ;  2,  the  same  after 
having  been  calcined  for  6  hours ;  3,  the  same  after  14  hours* 
calcination ;  4,  the  same  after  19  hours'  calcination  (soft 
lead).* 

2.  Lead  produced  at  Altenau  from  intermediate  products, 
after  treatment  by  Pattinson*s  process : — 

Pb.  Sb.  Co.  Zn.  Fe.  Sp.    gr. 

1.  98-75  0-70  —  0-13  —  — 

2.  98-74  0-20         0-02  0-31  —  — 

3.  99-56         —         —        0-16        o'04         11-368 
I.  Lead  from  reducing  the  poor  scum  of  the  nth,  12th, 

and  13th  crystallisation  pan,  by  Streng ;  2,  lead  produced 
from  argentiferous  furnace  ends,  taken  from  a  ciystallisation 
pan,  by  Streng ;  3,  lead  reduced  from  litharge  which  had 
been  produced  by  cupelling  rich  lead.t 

Calcination  of  Lead  at  the  Smelting  Works  at 
Kremnitz. — ^According  to  Bittsansky,  there  is  contained  in 
the  calcined  marketable  lead — 

Pb.  Ag. 

of  Schemnitz      98-954    0-005 
„   Neusohl  97*502    0-002 

„   Kremnitz        98748    0-003 

*  B.  u.  h.  Ztg.,  i860,  p.  za6. 

f  Kbrl»  Oberharxer  HUttenprocesse,  i860,  p.  447. 
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These  leads  may  be  used  for  common  purposes,  but  not 
for  the  finer  manufadtures.  Vob  Amon  has  completely  purified 
this  lead,  with  the  exception  of  some  traces  of  iron,  by  the 
following  treatment : — 

The  lead  resulting  from  the  reducing  process  of  litharge, 
is  smelted  in  lots  of  5  tons,  3  cwts.,  at  a  moderate  tempera- 
ture in  a  cupelling  furnace  furnished  with  a  sloping  hearth ; 
the  dross  is  skimmed  off  and  is  stirred  with  green  wooden 
poles  for  i^  to  a  hours,  till  the  separating  dross  consists 
merely  of  yellow  oxide  of  lead.  As  the  copper  and  antimony 
cannot  be  completely  extraAed  by  this  operation,  some  air 
is  admitted  for  oxidation,  at  a  moderate  temperature,  until 
in  two  or  three  hours  the  litharge  running  out  is  pure  yellow. 
The  lead  is  then  allowed  to  cool  and  is  tapped  off  into  an 
outer  basin,  and  is  ladled  from  this  into  warmed  cast-iron 
moulds.  The  lead  must  be  sufficiently  cooled  before  the 
ladling,  as  otherwise  a  thin  covering  of  oxide  will  be  formed, 
giving  a  rough,  ill-looking  surface  to  the  lead. 

The  loss  of  lead  in  this  calcination  process  amounts  to 
1*98  per  cent,  and  the  cost  of  calcining  i  cwt.  of  lead  to 
about  zs. 

Baker's  Method  of  Calcining  Lead.* — ^According  to  this 
method,  hard  slag  lead,  whose  calcination  in  reverberatory 
furnaces  is  both  expensive  and  tedious,  may  be  purified  in  a 
short  time,  by  ladling  it  from  the  receptacle  basin  into 
a  red  hot  iron  pot,  after  skimming  off  and  adding  either 
potash  or  soda  saltpetre,  adding  it  in  the  proportion  of 
I  part  saltpetre  to  100  of  lead,  or  of  2  parts  of  sulphate  of 
potash  to  900  of  lead.  It  is  then  stirred  at  a  temperature 
higher  than  the  melting  point  of  lead,  and  the  dross  formed 
is  skimmed  off  till  the  lead  has  assumed  the  hues  charac- 
teristic of  pure  lead.  The  resulting  lead  is  then  fit  for  rolling 
or  any  other  technical  application. 

Pontifex  and  Glassford's  Method  of  Calcination.! — 
According  to  this  method,  soft  lead,  or  a  lead  rich  in  anti- 
mony, may  be  produced  as  follows : — 

*  B.  u.  h.  Ztg.,  x86i,  p.  440;  i86a,  p.  40.    Polyt.  Centrlb.,  i86x,  p.  827. 
t  Polyt.  Cenulb.,  1855,  p.  618. 
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Hard  lead  containing  from  3  to  15  per  cent  of  antimony  is 
melted  in  a  reverberatory  furnace  whose  hearth  consists  of  a 
cast  iron  pan ;  the  dross  formed  is  skimmed  off,  and  upon 
the  surface  of  the  metal  a  mixture  of  3  parts  of  soda  saltpetre, 
4  of  calcined  soda,  and  4  of  burned  lime,  is  uniformly  spread 
out.  Then  the  furnace  doors  are  closed  for  some  time,  but 
occasionally  opened  to  observe  whether  a  brownish  scoria 
appears  on  the  surface  of  the  lead,  which  is  generally  the 
case  after  10  or  20  minutes ;  the  doors  are  then  re-closed, 
fresh  fuel  is  added,  and  when  the  smoke  has  disappeared  so 
that  the  fire  bums  brightly,  the  covering  is  removed  and 
another  portion  of  the  mixture  is  added ;  this  goes  on  until 
a  sample  of  the  lead  shows  duAility. 

Nine  or  10  tons  of  lead  may  be  treated  in  24  hours,  con* 
suming  about  55  lbs.  of  the  mixture ;  when  the  lead  is  poor 
in  antimony  the  addition  of  saltpetre  may  be  omitted. 

The  scum  of  the  lead  is  reduced  in  a  cupola  furnace ;  the 
resulting  lead  rich  in  antimony  is  smelted  in  an  iron  pan  and 
cooled  to  the  point  at  which  highly  antimonial  lead  crystal- 
lises, when  it  is  ladled  out  as  in  Pattinson's  process.  This 
lead  is  sold  as  hard  lead,  and  the  remaining  liquid  is  again 
treated  with  the  mixture. 
The  annual  produAion  of  lead  amounts — 

In  Great  Britain,  to  about  67,000  tons. 
„  Spain  „        60,000    „ 

„  Prussia  „        20,000    „ 

„  Austria  „  6,200    „ 

„  Belgium  „  4,000    „ 

„  Saxony  „  3,000    „ 


Digitized  by  VjOOQIC 


201 


CHAPTER    II. 


SILVER. 

PRINCIPAL  ORBS  OP  SILVER. 

According  to  Malaguti  and  Durocher,*  silver  occurs  fre- 
quently in  nature,  and  the  following  are  the  ores  to  which 
the  attention  of  the  metallurgist  will  probably  be  dire<5ted : — 

I. — ORBS  IN  WHICH  SILVER  FORMS  A  CHIEF  COMPONENT 
(REAL  SILVER  ORES). 

Native  Silver,  Ag,  sometimes  containing  as  much  as  3  per 
cent  of  antimony,  arsenic,  and  iron ;  the  native  ore  silver  at 
Freiberg, t  containing  from  97*10  to  99*8  per  cent  of  silver, 
is  usually  associated  with  other  silver  ores,  sometimes  also 
with  grey  copper  ores.  In  California,!  silver  occurs  in 
admixture  with  gold ;  at  Lake  Superior,  ||  it  is  found  upon 
native  copper;  at  Kongsberg,§  it  contains  about  90  per  cent 

*  Malaouti  et  DuROCBBR,  ii.  d.  Vorkommen,  etc.,  des  Silbera,  Qttedlinbttrg 
and  Leipzig,  1851.  Neuer  Schauplatx  der  Bergwerkskunde,  xii.  57.  B.  u.  h. 
Ztg.,  1842,  p.  3.  CoTTA,  Oangstudien,  i.  437;  il.  X15,  254,  491.  v.  Dbchbn, 
Statis.  des  ndrdl,  and  xollv.  Deatchlanda,  i.  750. 

f  Jahrb.  f.  d.  B.  n.  Hm.,  1831,  p.  223.  Lampadius,  Fortschr.,  1839,  p.  xxz. 
B.  n.  h.  Ztg.,  Z858,  p.  37.    Haubm ANN,  norddentche  Beitrage,  Stiick,  i.  p.  127. 

;  Allg.  B.  a.  h.  Ztg.,  Z862,  p.  405.  Lavr,  de  la  produaion  des  m6taux  pr^cieuz 
en  Caliionrie  .Paris :  1862. 

II  Beiggeist,  1862,  No.  93.    Allg.  B.  u.  h.  Ztg.,  1863,  p.  164. 

§  B.  u.  h.  Ztg.,  1858,  p.  Z02;  Z862,  p.  434. 
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of  silver.  One  mass*  from  that  locality  in  the  royal  col- 
leAion  at  Copenhagen  weighs  upwards  of  5  cwts.,  and  later 
two  blocks  have  been  obtained  weighing  respe<5lively  238 
and  436  pounds.  Much  of  the  silver  of  Peru  has  been 
found  in  a  native  condition ;  a  mass  discovered  at  Huantaya 
weighed  800  pounds.  But  all  these  are  surpassed  by  an 
immense  mass  discovered  in  Sonora,  which^  Wilson  states, 
weighed  2,700  pounds,  and  was  the  subjeA  of  a  suit  brought 
on  behalf  of  the  King,  who  thought  to  recover  it  on  the  plea 
that  it  was  a  curiosity,  and  belonged  to  the  Crown. 

Amalgam,  of  different  composition,  AgjHg^  containing  44*8, 
AgHg  containing  51'g,  and  Ag5Hg3  containing  57*2  per 
cent  of  silver,  occurs  frequently  in  Chili,  t 

Antimonial  Silver,  AgaSb,  and  Ag4Sb  containing  respec- 
tively 84  and  77  per  cent  of  silver,  occurs  at  Andreasberg 
also  in  Dauphin^,  and  near  Coquimbo,  South  America. 

Mixed  Antimonial  Silver.  Its  constituents  are,  silver  16, 
iron  44,  arsenic  35,  antimony  4;  it  occurs  at  Andreasberg  in 
the  Hartz. 

Telluric  Silver,  Ag  Te,  containing  61  per  cent  of  silver, 
sometimes  also  gold  and  traces  of  iron ;  it  occurs  in 
Siberia  in  a  talcose  rock  with  pyrites  and  blende ;  specimens 
have  been  obtained  a  cubic  foot  in  size. 

Silver  Glance,  AgS,  containing  87  per  cent  of  silver;  it  is 
frequently  met  with  in  the  mines  of  the  Hartz,  Saxony, 
Bohemia,  Mexico,  and  is  also  foimd  in  Cornwall  and  in  the 
United  States. 

Bismuth  Silver  (Sprodglaserz,  Melanglance),  sAgS,  SbS3, 
containing  68*5  per  cent  of  silver,  and  sometimes  small 
amounts  of  Fe,  Cu,  and  As. 

Miargyrite,  AgS,  SbSj  containing  36*9  per  cent  of  silver. 

Light  Red  Silver  Ore,  3 AgS + AsSj  containing  65*4  per  cent 
of  silver;  sometimes  part  of  the  AsS,  is  replaced  by  SbS,; 
it  is  found  in  Saxony  and  in  Bohemia,  also  at  Guadalcanal, 
in  Spain. 

*  Lamborm,  a  Rudimentary  Treatise  on  the  Metallurgy  of  Silver  and  Lead. 
London  :  i86x. 
f  AUg.  B.  u.  h.  Ztg.,  1863,  p.  I3Z. 
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Dark  Red  Silver  Ore,  3AgS  +  SbSj  containing5g  per  cent 
of  silver ;  part  of  the  SbSj  is  sometimes  replaced  by  AsSj. 
Mixtures  of  both  occurring  at  Freiberg,  contained  from  6075 
to  62*50  per  cent  of  silven 

Dark  White  Silver  Ore,  4(CuaS,  FeS,  ZnS,  AgS)  +  SbS, 
with  18  to  3i'8  per  cent  of  silver  and  15  to  a6  per  cent  of 
copper. 

Light  White  Silver  Ore,  4(FeS,  ZnS,  PbS,  AgS)  +  SbS^, 
occurring  at  Freiberg  with  38  per  cent  of  lead,  57  per  cent 
of  silver,  and  traces  of  copper. 

Silver  Copper  Glance,  CuaS  +  AgS,  containing  53  per 
cent  of  silver  and  31  per  cent  of  copper. 

Chloride  of  Silver,  AgCl,  containing  75*2  per  cent  of  silver. 

Megabromite,  an  isomorphous  mixture  of  chloride  and 
bromide  of  silver,  4AgCl  +  sAgBr,  containing  64*2  per  cent 
of  silver. 

Microbromite,  AgBr  +  sAgCl,  containing  69*8  per  cent  of 
silver. 

Bmbotite,  2AgBr  +  3AgCl,  containing  66*9  per  cent  of 
silver. 

Bromite,  Bromaif;yrite,  bromide  of  silver,  AgBr,  contain- 
ing 58  per  cent  of  silver. 

Iodide  of  Silver,  Agl,  containing  46  per  cent  of  silver. 

Silver  in  combination  with  chlorine,  bromine,  and  iodine 
forms  a  class  of  ores  which  was  once  considered  rare,  but 
has  since  been  found  to  constitute  a  valuable  portion  of  many 
veins.  They  are  generally  found  disseminated  in  a  different 
part  of  the  deposit  from  that  in  which  the  sulphides  are  found, 
and  are  associated  with  clay,  quartz,  calc  spar,  and  baryta. 

At  Hutigoet,  in  Brittany,  they  constitute  the  ore  known 
as  terres  rouges ;  they  contain  an  average  of  0*05  per  cent 
of  silver,  and  are  subjedled  to  amalgamation.  In  Spain,  the 
chloride  appears  to  have  existed  in  considerable  quantities 
at  the  mines  of  Guadalcanal.  Large  quantities  of  this  class 
of  ores  are  worked  in  Chili,  Peru,  and  Mexico ;  the  veins  in 
which  they  are  found  usually  contain  in  their  lower  portions 
sulphides,  arsenides,  and  compounds  of  antimony;  they 
are    also    found     in    the    mines    of   Norway,    Saxony, 
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Siberia,  the  Hartz,  and  Cornwall.  Iodide  of  silver  occurs 
in  various  parts  of  the  New  World*  ;  at  Abarradon,  in 
Zacatecas,  it  is  found  in  thin  veins  in  steatite.  Bromide  of 
silver  is  so  abundant  in  the  district  of  Plateros,  Mexico,  near 
Zacatecas,that  the  ores  have  received  the  name  otplata  verde, 
from  the  colour  it  causes  them  to  assume. 

2.  ORBS    CONTAINING    SILVER  IN    A  VARIABLE    PROPORTION, 

AND  NOT  AS  AN   ESSENTIAL  CONSTITUENT. 

Sulphuretted  ores  are  always  richer  in  silver  than  oxidised 
ores ;  the  ferruginous  sulphides  are  usually  the  poorest,  and 
next  come  the  sulphides  containing  zinc,  lead,  and  copper. 

Of  these  ores  the  following  may  be  mentioned : — 

a.  Argentiferous    Lead    Ores. 

Galena,  PbS,  containing  between  o'oi  and  0*03  per  cent  of 
silver,  often,  also,  0*5  per  cent,  but  seldom  as  much  as  i  per  cent. 
According  to  Malaguti  and  Durocher,  some  of  the  galena  of 
Rhenish  Prussia  contains  upwards  of  7  per  cent  of  silver 
(Schemnitz).  The  ores  of  Joachimsthal,  which  average 
among  the  highest  in  Europe,  generally  contain  about  2.  or 

3,  and  seldom  exceed  10,  per  cent  of  silver.  The  average  of 
the  region  about  Clausthal  is  0*098  per  cent,  and  that  of 
Andreasberg  is  0*36  per  cent.  The  Saxon  galena  averages 
betvreen  0*025  and  0*809  per  cent  of  silver. 

White  Lead  Ores,  containing  traces  up  to  0*002  per  cent 
of  silver* 

b.  Argentiferous  Copper  Ores. 

Fallow  Orest  containing  from  traces  up  to  31  per  cent  of 
silver. 

Copper  Pyrites,  Variegated  Copper  Ore,  and  Copper 
Glance,  are  generally  poor  in  silver.  Boumonite  is  some- 
what richer. 

Oxidised  Copper  Ores  mostly  contain  mere  traces  of 
silver;  sometimes  they  are  richer,  for  instance,  malachite 
ores  at  Bouc,  in  France,  contain  0*525  oz.  of  silver  and 
0*0035  oz.  of  gold  per  cwt. 

*  B.  a.  h.  Ztg.,  1859,  p.  452 ;  x86o,  p.  187 ;  z86x,  p.  308. 
f  Karsten*8  Archlv.,  a  R.,  iv.,  389.    Erdmann's  J.  f.  k.,  ou.  techn.  Ch.,  x. 
dig. 
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c.  Argentiferous  Zinc  Ores. 

Zinc  Blende  contains  sometimes  as  much  as  0*88  per 
cent  of  silver.  Blende  at  Poullaouen  contains  0*019;  at 
HuSlgoet,  o'oo8;  at  Przibram,  from  0*0027  to  0*0067;  at 
Fahlun,  0*005  5  a*  Sala,  0*0033  ;  and  at  Tunaberg,  o'ooi  per 
cent  of  silver.  Blende  in  Hungary,  Saxony,  and  Kongsberg 
contains  mere  traces.  If  zinc  blende  occurs  with  galena, 
sometimes  the  former,  and  sometimes  the  latter,  will  contain 
most  silver ;  for  instance,  at  Poullaouen  the  blende  contains 
0*004  and  the  galena  0*025  >  sit  Huglgoet,  the  galena  0*125, 
and  the  blende  from  0*002  to  0*004  P^^  cent.  The  pure 
blende  of  Lautenthal  contains  0*0008,  and  that  of  Freiberg 
o*ooo6  per  cent.  Sometimes  blende  occurs  richer  in  silver ; 
for  instance,  the  blende  of  Pontp6an*  (Bretagne),  contains 
from  35*0  to  52*5  ozs.  of  silver  per  ton,  from  5  to  8  times  as 
much  as  the  galena  associated  with  blende  contains.  This 
blende  is  worked  at  Swansea. 

Calamine  from  Altenberg  contains  0*0001  per  cent  of 
silver. 

d.  Argentiferous  Iron  Pyrites. 

They  contain  from  traces  up  to  0*00150  per  cent  of  silver, 
and  are  poorer  than  other  sulphides  if  they  happen  to  be 
associated  with  them. 

e.  Argentiferous,  Arsenical,  and  Antimonial  Ores. 
Native  Arsenic  from  Markirch  (Upper  Rhine)  contains 

0*00092,  and  that  from  Adreasberg  (Hartz)  0*005  P^r  cent  of 
silver. 

Mispickel  sometimes  contains  0*0038  per  cent  of  silver. 

Native  Antimony  from  Andreasberg  contains  i  per  cent 
of  silver,  and  that  from  AUemont  0*0004. 

Dressing  the  Silver  Ores. 

Ores  of  the  first  class  seldom  occur  in  large  quantities, 
and  are  mostly  disseminated  in  the  gangue  (Diirr  ores),  re- 
quiring a  most  careful  preparation ;  and  it  depends  on  local 
circumstances  whether  it  is  advantageous  to  concentrate  the 

^  Revue  Univere.,  1863,  a  livr.,  page  294.  Balletin  de  la  SoGi^t6  de  Tlndus- 
trie  min^rale,  torn,  viii.,  livr.  4.  1863. 
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amount  of  metal  so  as  to  cause  loss  of  silver  but  saving  of  fuel* 
in  the  smelting  process,  or  to  work  a  larger  and  poorer  quan- 
tity with  a  larger  consumption  of  fuel.  Ores  containing 
much  barjrta  have  lately  been  prepared  by  heating  them  with 
coal  and  washing  out  with  water  the  sulphide  of  barium 
formed.* 

Ores  of  the  second  class  are  usually  first  sorted  as  perfeAly 
as  possible  by  hand,  partly  to  facilitate  the  dressing  of 
the  ores  and  partly  to  prepare  them  for  a  suitable  metal- 
lurgical process,  as,  in  most  cases,  it  is  not  possible  to  smelt 
the  ores  in  the  proportions  in  which  they  occur  in  nature. 
How  far  hand  separation  is  to  be  carried  on,  as  well  as  the 
farther  dressing  of  the  separated  ores,  depend  on  the  require- 
ments of  the  metallurgical  process,  which  will  in  some  cases 
aim  at  the  produAion  of  the  accompan3n[ng  metals  (lead, 
copper),  or  the  extraftion  of  silver  from  those  metals  (for 
instance,  zinc,  arsenic,  antimony,  bismuth).  And  as  the  value 
of  the  silver  is  in  many  cases  much  the  highest,  its  extradlion 
is  efifeAed  at  the  expense  of  the  copper  which  is  present. 

SYNOPSIS   OP    PROCESSES    FOR    THE    EXTRACTION    OP 
SILVER  PROM  ITS  ORES. 

The  great  variety  of  ores  in  which  silver  occurs  usually 
makes  it  necessary  to  employ  complicated  processes  for  its 
extradlion.t 

A.  EXTRACTION  OF  SILVER,  IN  THE  DRY  WAY,  BY  MEANS  OF 

LEAD. 

By  fusing  argentiferous  substances  with  metallic  lead,  or 
by  smelting  such  substances  together  with  lead,  lead  produ  As 
or  lead  ores  (when  the  silver  ore  does  not  already  contain  a 
sufficient  amount  of  lead),  an  argentiferous  raw  lead  is  pro- 
duced ;  this  lead  is  either  cupelled  or,  if  containing  but  little 
silver,  is  previously  treated  by  Pattinson's  process.  The 
silver  resulting  from  the  cupellation  process  is  refined  by 
another  process,  which  produces  fine  silver.    It  depends  on 

*  Cesterr.  Ztsch.,  1862,  No.  464;  1863,  No.  x.  B.  u.  h.  Ztg.,  1863,  p.  X14,  269. 
f  Karsten's  Archiv.  a  R.,  xxv. ;  174.    B.  u.  h.  Ztg.,  1852,  p.  73,  815. 
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this  amount  of  silver  present^  on  the  price  of  materials,  &c«, 
whether  it  is  advisable  to  desilverise  the  ores  at  once  or  the 
intermediate  products  (matt,  raw  copper,  &c.) 

These  processes  are  very  old,  and  applicable  to  argenti- 
ferous substances  of  every  kind;  but  they  are  mostly  im- 
perfedl  on  account  of  their  complications,  producing  more  or 
less  intermediate  argentiferous  produfts,  whose  farther  treat- 
ment requires  much  time  and  a  great  consumption  of  fuel, 
and  causes  a  great  loss  of  metal. 

Many  of  these  processes  have,  therefore,  lately  been  replaced 
by  more  perfeft  processes  in  the  wet  way.  The  choice  of  a 
process  is  chiefly  influenced  by  the  nature  of  the  ores  and 
local  circumstances,  such  as  whether  lead  ores  are  cheap  or 
totally  absent.  Lead,  for  instance,  is  most  valuable  for 
treating  auriferous  silver  ores  and  products,  as  it  extracts 
silver  and  gold  at  the  same  time,  which  can  only  be  very 
imperfeftly  effedted  by  other  means.  Only  lately.  Patera 
and  Roessner  have  discovered  how  to  extraA  gold  and  silver 
in  the  wet  way,  by  means  of  a  solution  of  chloride  of  soda 
saturated  with  chlorine. 

The  following  ores  are  submitted  to  treatment  with  lead : — 

z.  Argentiferous  Galena,  from  which  the  greater  part  of 
our  silver  is  obtained.  The  processes  adopted  are  described 
in  Chapter  I.  (Lead).  They  are  the  oldest,*  and  generally 
the  simplest,  for  which  the  amalgamation  process  may 
be  advantageously  substituted  in  rare  cases  only,  as,  for 
instance,  if  fuel  is  not  easily  procurable,  as  in  Nicaragua.! 
The  less  copper  the  ores  contain  the  more  easily  and  per- 
fe<5Uy  the  silver  may  be  extrafted. 

2.  Silver  Dtlrr  Ores,  mixtures  of  real  silver  ores  with 
earthy,  sulphuretted  substances,  ftc.  (Dtlrr  ores  containing 
earths,  pyrites,  blende,  copper). 

Rich  earthy  Dtirr  ores,  if  they  contain  chiefly  native  silver, 
are  sometimes  smelted  together  with  lead  produ(5ls  in  crucibles 
(formerly  at  Kongsberg),  or  they  are  refined  at  once  with  an 
addition  of  litharge  (now  at  Kongsberg);  and  if  they  consist 
of  other  ores,  with  from  50  to  90  per  cent  of  silver,  it  is 


*  Bgwkfd.,  xii.,  590. 

f  B.  u.  h.  Ztg.,  1862,  p.  268. 
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judicious  to  add  them  to  the  raw  lead  during  cupellation 
(Andreasberg).  Moderately  rich  earthy  Diirr  ores  may  be 
smelted  with  lead  ores  or  produAs  (Andreasberg^  Freiberg), 
For  such  ores  also  Patera's  process  in  the  wet  way  is  advan- 
tageously applied,  as  at  Joachimsthal,  for  ores  containing 
from  o'4  lb.  up  to  the  highest  amount  per  cwt. 

Poor  Earthy  DQrr  Ores  containing  0*12  to  0*25  oz.  of 
silver  per  cwt.  are  first  smelted  with  iron  pyrites  for  pro- 
ducing raw  matt,  in  which  the  silver  becomes  concentrated, 
and  the  matt  is  then  desilverised  by  being  fused  with 
metallic  lead,  or  by  being  smelted  with  substances  containing 
lead.  This  is  the  more  completely  effeAed  the  less  copper 
the  matt  contains.  Ziervogel's  mode  of  extradtion  is  also 
sometimes  employed  for  these  matts  (Schemnitz) ;  also  the 
amalgamation  process,  which  latter  is  likewise  used  diredt  for 
somewhat  richer  Dtlrr  ores,  containing  from  2  to  8  ozs.  of 
silver  with  a  little  iron  pyrites  (Arany-Idka,  formerly  in  Frei- 
berg). 

Pjrritic  DQrr  Ores. — Silver  ores  disseminated  in  iron 
pyrites  are  roasted  and  mixed  with  lead  if  they  contain  a 
larger  amount  of  silver,  but  if  they  are  poor  in  silver  they 
are  either  mixed  with  poor  earthy  Diirr  ores  in  the  raw 
smelting  process,  or  are  submitted  to  a  raw  smelting  after 
having  been  more  or  less  roasted,  and  the  resulting  matt  is 
melted  with  lead.  Such  ores  containing  a  moderate  amount 
of  silver  are  best  adapted  for  the  amalgamation  process 
(Arany-Idka)  if  they  are  not  associated  in  larger  quantities 
with  deleterious  substances,  such  as  arsenical  and  antimonial 
compounds,  zinc  blende,  galena,  &c. 

3.  Argentiferous  Copper  Ores. — ^The  process  to  be  fol- 
lowed for  the  extraftion  of  the  silver  from  these  ores  depends 
on  the  amount  of  silver  and  copper  present. 

a.  Copper  ores  rich  in  silver  are  smelted,  either  in  a 
roasted  or  unroasted  state,  with  roasted  or  raw  galena,  lead 
products,  &c.,  for  the  produftion  of  raw  lead  and  copper 
matt ;  the  copper  matt,  either  roasted  or  raw,  is  desilverised 
by  repeated  fusion  with  lead  (Miisen,  Freiberg,  Andreasberg). 

b.  Ores  poorer  in  silver  are  treated  for  the  produdlion  of  a 
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matt,  and  if  the  matt*  is  sufficiently  argentiferous,  it  is  re- 
peatedly smelted  with  lead ;  if  not,  the  amount  of  silver  is 
further  concentrated  in  raw  copper,  which  is  then  desilverised 
by  the  liquation  process. 

These  processes  are  advantageously  replaced  by  processes 
in  the  wet  way;  for  instance,  the  amalgamation  of  matt 
(formerly  in  Mansfeld),  and  of  raw  copper  (formerly  in 
Tajowa,  Schmollnitz,  Banat) ;  Augustin's  process  with  matt 
(Hungary) ;  Ziervogel's  process  with  matt  (Mansfeld) ;  and 
chiefly  when  treating  lead  copper  matt,  the  extraction  of  the 
concentrated  roasted  matts  with  diluted  sulphuric  acid 
(Freiberg) ;  or  the  extracStion  of  raw  copper  (Oker  smelting 
works  on  the  Hartz,  Altenau,  Fahlun). 

According  to  Karsten,  silver  can  only  be  extracted  advan- 
tageously from  poor  cupriferous  and  argentiferous  ores  which 
contain  o'osi  per  cent  of  silver,  if  other  circumstances,  such 
as  the  mining  cost  of  the  ore,  the  association  of  these  poor 
ores  with  richer  ores,  &c.,  are  favourable.  But  if  at  the 
same  time  they  contain  so  much  copper  or  lead  as  to  make 
the  extradlion  of  these  metals  profitable,  it  will  pay  to 
extraft  the  silver  even  though  it  should  be  less  than  from 
o'i6  to  o'l  oz.  per  cwt. 

4.  Argentiferous  Zinc  Blende  and  Arsenical  Pyrites 
are  seldom  metallurgically  treated,  but  when  they  are,  they 
should  be  first  roasted,  then  submitted  to  a  raw  smelting, 
and  afterwards  to  fusion  with  lead.  The  roasting  process 
may  occasion  considerable  loss  of  silver,  especially  the 
roasting  of  zinc  blende.  Experiments  for  extradling  silver 
from  blende  in  the  wet  way  have  yielded  better  results  in 
England  than  in  Przibram.* 

5.  Argentiferous  Native  Arsenic  is  carefully  roasted  to 
drive  off  the  arsenic  as  arsenious  acid,  and  then  fused  with 
lead  (Andreasberg). 

6.  Argentiferous  Nickel  and  Cobalt  Ores  are  either 
direftly  fused  with  lead  (experiments  at  Freiberg),!  or  they 

*  Neumann*8  Extra&ion,  1863,  p.  107.    B.  u.  h.  Ztg.,  i860,  p.  104.    Leo- 
bener  Jahrbuch,  1857,  ^^m  23^* 
t  Freiberger  Jahrbuch,  1848,  p.  79. 
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are  previously  smelted  for  the  produdlion  of  speiss,  which  is 
then  advantageously  submitted  to  the  amalgamation  process. 
If  they  are  rich  in  silver  they  are  sometimes  treated  by 
Patera's  process  in  the  wet  way,  thus  allowing  nickel  and 
cobalt  to  be  extradled  as  well  as  the  silver  (Joachimsthal)- 

B.   EXTRACTION   OF  SILVER  IN  THE  WET  WAY. 

These  processes  generally  efFedl  a  quicker  and  more  perfeft 
extraftion,  and  allow  a  saving  of  materials,  chiefly  fuel ;  but 
they  require  ores  and  produdls  of  a  certain  nature,  and  this 
limits  their  utility  to  a  great  extent. 

I.  The  Amalgamation  Process. — The  extradlion  of  the 
silver  by  mercury,  and  the  subsequent  volatilisation  of  the 
mercury  by  heat.  This  process  was  invented  in  Mexico  about 
the  middle  of  the  i6th  century,  but  it  was  only  introduced 
into  Europe  in  the  second  part  of  the  17th  century,  and 
into   Hungary  about   1780  by  Bom,   and  in   Freiberg  by 
Gellert.    This  process  has  advantages  over  the  mode  of  ex- 
tra(5tion  by  means  of  lead.    If  the  price  of  fuel  is  high  and 
that  of  mercury  low,  Dtlrr  ores  poor  in  silver,  or  copper  ores 
free  from  lead,  and  similar  cupriferous  intermediate  produdts 
are  used  (copper  matt,  raw  copper).     When  using  poor 
earthy  ores,  silver  may  be  concentrated  by  a  previous  smelt- 
ing with  iron  pyrites ;  only  the  real  silver  ores  can  bediredlly 
submitted  to  the  amalgamation  process.    The  silver  con- 
tained in  argentiferous  copper  ores  is  best  concentrated  in 
copper  matt  or  raw  copper,  and  then  these  produdts  are 
amalgamated.    The  amalgamation  of  the  copper  ores  is 
cheaper,  and  it  also  enables  a  more  perfedt  extradtion  of 
silver  to  be  effedled,  causes  less  loss  of  copper,  and  gives  a 
purer  copper  than  the  process  with  lead.    On  the  other  hand, 
the  fine  copper  always  retains  J  oz.  of  silver  per  cwt.,  and 
if  the  ores  are  auriferous,  a  considerable  loss  of  gold  takes 
place ;  therefore  auriferous  raw  copper  is  unfit  for  the  amal- 
gamation process.    The  advantages  of  the  European  amal- 
gamation process  over  the  American  consist  in  a  more  perfedl 
extradlion  of  the  silver,  and  a  considerably  less  loss  of  mer- 
cury.   On  the  other  hand,  the  American  process  requires  no 
special  buildings,  machines,  or  fuel. 
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2.  Mr.  Crookes's  Process  of  Extradlion  by  means  of 
Sodium  Amalgam. 

3.  Lixiviation  and  Precipitation  of  Silver  in  the 
Metallic  State. 

This  mode  of  treating  argentiferous  ores  and  produfts  was 
introduced  almost  at  the  same  time  by  two  of  the  officers  of 
the  Mansfeld  Mining  Company,  Augustin  and  Ziervogel,  in 
1849.  They  surpass  the  system  of  liquation  and  amalgamation 
in  simplicity  and  cheapness,  in  the  rapidity  and  completeness 
with  which  the  metal  may  be  obtained  from  the  mineral,  and 
also  in  being  healthier  for  the  workmen  engaged  upon  them. 
They  are  far  more  economical  than  fusion  with  lead,  in  fuel, 
in  the  time  required,  and  in  the  amount  of  the  various  metals 
lost ;  while  they  are  superior  to  the  process  of  liquation  in 
requiring  less  time  and  fuel,  in  accomplishing  a  more  com- 
plete  separation  of  the  copper  and  silver,  and  in  allowing  the 
produ<5lion  of  a  copper  of  excellent  quality. 

Augustin  converts  the  silver  contained  in  ores  or  produdts 
into  chloride  of  silver  by  roasting  in  connedlion  with  common 
salt  (chloride  of  sodium).  He  dissolves  the  chloride  of  sodium 
in  a  concentrated  hot  solution  of  common  salt,  and  precipi- 
tates the  silver  in  a  metallic  form  by  the  addition  of  metallic 
copper.  Ziervogel  roasts  the  ores,  &c.,  with  proper  precau- 
tions, in  order  to  convert  the  silver  in  the  ore  into  sulphate 
of  silver ;  this  is  lixiviated  with  hot  water  and  precipitated 
by  copper. 

Both  these  methods  are  only  successful  when  the  pre- 
liminary roasting  process  is  carried  on  with  the  greatest  care, 
requiring  very  skilful  and  intelligent  workmen,  and  when 
the  ore  or  produ£l  under  treatment  is  not  too  rich,  and  is 
either  free,  or  nearly  free,  from  noxious  substances  (lead, 
zinc,  antimony,  arsenic).  Ziervogel's  process  is  cheaper  and 
simpler  than  Augustin's  process,  but  it  requires  a  purer  raw 
material. 

4.  Patera's  Process  is  chiefly  adapted  for  mixtures  of 
rich  silver  ores  with  nickel  and  cobalt  ores.  The  ores  are 
first  roasted  in  the  presence  of  steam,  and  afterwards  with 
common  salt ;  the  chloride  of  silver  formed  is  dissolved  by  a 

p  2 
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solution  of  hyposulphite  of  soda  (NaO,  S^Oa),  and  precipitated 
as  a  sulphide  by  polysulphide  of  sodium ;  the  remaining  solu- 
tion is  used  for  the  extracStion  of  nickel  and  cobalt, 

5.  Treatment  of  purified  Raw  Copper,  or  Roasted 
Concentrated  Copper  Matt,  with  Dilute  Sulphuric 
Acid. — The  separation  of  silver  and  copper  by  sulphuric 
acid  was  formerly  recommended  by  Serbat*  and  Karsten, 
but  it  has  only  recently  been  pradlically  applied.  Sulphate 
of  copper  and  argentiferous  residues  result  from  the  process, 
and  they  are  treated  with  lead.  In  contrast  to  the  former 
processes,  this  method  admits  of  the  application  of  lead  pro- 
ducts, and  has  recently  replaced  the  liquation  process  in 
several  places.  The  process  at  the  same  time  extracts  a 
greater  amount  of  gold  than  the  liquation  or  amalgamation 
processes.  Wehrle  and  Rochel  t  have  recommended  roasting 
the  refined  and  granulated  copper  in  a  reverberatory  furnace 
with  common  salt,  and  that  the  resulting  oxide  should  be 
dissolved  out  with  dilute  sulphuric  acid  ;  but  this  process  is 
less  simple. 

The  chief  modes  at  present  adopted  of  extradling  silver 
from  its  ores  and  from  argentiferous  products  may  be 
classed  under  the  following  divisions : — 

A.  TREATMENT  OF  ARGENTIFEROUS  ORES  AND  PRODUCTS  IN 
THE  DRY  WAY  BY  MEANS  OF  LEAD. 

This  treatment  aims  at  the  produdlion  of  argentiferous  raw 
lead,  from  which  the  silver  is  extracted  by  subsequent  pro- 
cesses ;  it  may,  therefore,  be  subdivided  into — 

I.  Produ<5tion  of  Argentiferous  Lead. — The  processes 
vary  according  to  the  ores  and  produ<5ts  to  be  treated.  Thus, 
rich  silver  ores  are  differently  treated  from  Dtirr  ores  poor  in 
silver.  The  treatment  of  argentiferous  lead  and  copper  ores 
is  described  in  the  chapters  Lead  and  Copper.  Argentiferous 
produdls,  such  as  matt,  speiss,  and  black  copper,  are  either 
treated  with  lead  or  with  plumbiferous  produdts. 

*  Annalen  der  Chemie  und  Physik,  Bd.  31,  p.  436. 
t  Oesterr.  Zeitschr.,  1857,  P-  *8i,  iSg,  315. 
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2.  Extra(5tion  of  Silver  from  the  Raw  Lead.— This  is 
effe(5ted  either  by  Pattinson's  process  or  by  the  cupellation 
process,  which  may  be  performed  in  two  different  modes, 
namely,  by  the  German  process  and  by  the  English  process. 
The  resulting  brightened  silver  is  then  refined  by  separate 
processes,  either  in  cupelling  furnaces,  in  muffle  furnaces,  in 
reverberatory  furnaces,  or  in  crucibles. 

The  extraction  of  silver  by  means  of  zinc  has  also  been 
proposed. 

B,  TREATMENT  OP  ARGENTIFEROUS  ORES  AND  PRODUCTS 
IN  THE  WET  WAY. 

This  treatment  is  also  performed  in  different  ways ;  it  may, 
therefore,  be  subdivided  into — 

1.  Extradtion  of  Silver  by  Amalgamation. — Experience 
has  developed  different  modifications  of  this  process,  namely, 
the  European  process  of  amalgamation  in  casks,  the  Ameri- 
can amalgamation  process,  also  a  combined  amalgamation, 
and  Mr.  Crookes's  process  of  extrafting  silver  by  sodium 
amalgam. 

2.  Extradlion  of  Silver  by  Lixiviation  and  Precipitation* 
— ^Three  different  processes  are  chiefly  employed,  namely, 
Augustin's  process,  Ziervogel's  process,  and  Patera's  process. 
This  mode  of  extraction  is  applicable  to  ores  and  products. 

3.  Copper  Matt  and  some  Raw  Copper  are  also  treated 
for  the  extradtion  of  their  silver  by  lixiviation  with  sulphuric 
acid,  and  by  fusing  the  argentiferous  residues  with  lead. 

A.    TREATMENT    OF  ARGENTIFEROUS    ORES    AND  PRO- 
DUCTS IN  THE  DRY  WAY  BY  MEANS  OF  LEAD. 

The  lead  is  employed  either  in  the  metallic,  oxidised,  or 
sulphuretted  state,  and  in  the  latter  case  it  becomes  reduced 
to  metallic  lead  in  the  smelting  process  by  the  adtion  of  iron 
or  some  other  substance.  The  decomposing  adtion  of  the 
lead  and  its  compounds  upon  argentiferous  substances  is 
variable. 
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z.  Decomposition  of  Sulphide  of  Silver  by  Metallic  Lead, 
forming  Sulphide  of  Lead  and  Metallic  Silver  which 
enters  into  combination  with  the  excess  of  Lead. 

The  following  readlion  takes  place : — 

AgS  +  2Pb  =  AgPb+PbS. 

If  the  silver  ores  contain  other  sulphides,  such  as  CujS 
and  FeS,  they  will  also  become  more  or  less  decomposed 
by  the  reaftion  of  lead,  and  their  bases  will  injure  the 
purity  of  the  raw  lead.* 

The  products  of  the  smelting  process  are  argentiferous 
lead  and  desilverised  matt  (FeS,  Cu^S,  PbS).  The  less  copper 
the  ores  contain,  the  easier  and  the  more  perfe<^  will  be  the 
extraction  of  the  silver,  as  the  CuaS  of  the  matt  persistently 
retains  part  of  the  AgS,  and  makes  a  repetition  of  the  process 
necessary ;  but  as  silver  ores  are  seldom  free  from  argenti* 
ferous  copper  ores,  a  cupriferous  matt  always  results, 
which  cannot  be  completely  desilverised  by  lead  or  lead  ores. 
The  residual  silver  is  either  considered  as  lost,  or  it  is  ex- 
traiSled  from  the  raw  copper  produced  from  the  matt.  Sul- 
phides of  lead  and  iron  also  retain  small  amounts  of  silver. 
Lead  a(5ts  upon  antimonial  and  arsenical  silver  as  it  does 
upon  sulphide  of  silver. 

This  chemical  readlion  takes  place, — ^when  smelting  rich 
sulphuretted  silver  ores  with  lead  ore  in  crucibles;  when 
fusing  them  with  lead ;  when  treating  raw  argentiferous  matt 
with  metallic  lead ;  and  partly  in  the  precipitation  process 
of  reducing  argentiferous  galena  with  iron.  In  this  last  pro- 
cess part  of  the  silver  becomes  extra<5led  6y  the  iron  decom- 
posing AgS ;  a  long  continued  smelting  would  decompose  it 
further,  but  still  it  would  never  get  perfectly  decomposed. 

When  the  ores  contain  native  silver,  the  silver  immedi- 
ately combines  with  the  lead. 

The  desilverising  of  matts  by  lead  is  facilitated  by  an 
addition  of  copper,  which  extradls  the  silver  from  the  sul- 
phide, forming  sulphide  of  copper. 

•  Erdmann's  Journ.,  x.,  13. 
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2.  Decomposition  of  Oxide  and  Sulphate  of  Silver  by 

means  of  Metallic  Lead. 

The  following  readlions  take  place; — 
Ago  +  2Pb  =  PbO  +  AgPb, 
AgO,S03  +  3Pb  =  PbAg  +  2PbO  +  SO,, 

a.  When  smelting  roasted  silver  ores  with  lead  or  lead 
produdls  from  which  metallic  lead  can  be  reduced ;  as  AgS, 
when  roasted  with  other  metallic  sulphide  becomes  more  or 
less  converted  into  AgO,  SO3.* 

b.  When  cupelling  raw  lead,  PbO  and  AgO  t  are  formed, 
the  AgO  again  is  partly  decomposed  by  contadt  with  the 
excess  of  lead. 

c.  Scorified  suboxide  of  silver  becomes  reduced  from  the 
slags  by  means  of  lead,  or  becomes  sulphuretted  by  sulphide 
of  lead.  According  to  Rose  and  Lenssen,t  Ag^O  forms,  with 
bases  of  the  type  R3O3,  combinations  able  to  resist  higher 
temperatures  without  decomposition  or  a  higher  oxidation  of 
the  AgaO- 

3.  Decomposition  of  Sulphide    of  Silver   by  Oxide  or 

Sulphate  of  Lead. 

In  this  case  the  following  reactions  take  place ; — 
AgS  +  2PbO  =  PbaAg  +  SOa, 
AgS  +  PbO,  SO3  =  PbAg  +  2S0a, 

a.  When  smelting  raw  silver  ores  or  argentiferous  matt 
together  with  roasted  lead  ores  or  oxidised  lead  compounds 
(litharge,  &c.);  at  the  same  time  the  readlions  stated  under 
the  headings  i  and  2  may  also  take  place  by  the  redudlion 
of  metallic  lead ;  hearth  ends  are  a  better  reagent  for  de- 
silverising  than  litharge,  which  is  too  quickly  reduced,  pre- 
venting the  lead  from  coming  into  intimate  contadt  with 
the  silver;  the  hearth  is  therefore  preserved  for  the  last 
desilverising  of  the  matt  (M(isen).|| 

A  formation  of  matt  and  a  retention  of  silver  by  the  matt 
are  therefore  unavoidable  in  this  process. 

*  Kar8TBn*s  Metallurgie,  v.,  473. 

t  FouRNST  in  Erdmann*s  J.  f.  dk.  u.  techn.  Ch.,  i.,  49,  80. 

X  £rdicann*s  J.  f.  pr.  Ch.,  Bd.  85,  p.  96. 

11  Preuss.  Ztschr.,  x.,  199. 
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b.  When  treating  argentiferous  galena  in  a  reverberatory 
furnace.  Here  proportionately  more  AgS  than  PbS  becomes 
decomposed  by  the  oxide  and  sulphate  of  lead  which  had 
been  formed  by  roasting ;  and  according  to  Fallize,*  the  lead 
reduced  at  the  beginning  of  the  process  is  richer  in  silver 
than  the  lead  afterwards  obtained. 

c.  When  fusing  rich  silver  ores  with  raw  lead  and  during 
cupellation,  the  sulphide  of  silver  becoming  decomposed  by 
lead  and  oxide  of  lead. 

J.  When  refining  rich  silver  ores  containing  native  silver 
and  sulphide  of  silver,  with  an  addition  of  lead  (Kongsberg). 

4.  Extradlion  of  Silver  from  Argentiferous  Copper  by 
means  of  Lead. 

This  is  effedled  by  fusing  both  together,  by  liquation  of  the 
argentiferous  lead,  and  by  cupelling  the  copper  with  lead. 

PRODUCTION  OP  AR6ENTIPEROUS  LEAD  (RAW  LEAD). 

z.  Lead  process  with  Argentiferous  Ores. 

The  ores  named  on  page  9  may  be  submitted  to  this 
process  either  raw  or  in  a  roasted  state ;  and  metallic  lead, 
raw  or  roasted  lead  ores,  or  lead  produ<5ls,  are  used  in  the 
operation. 

Treatment  of  Rich  Silver  Ores. 

These  ores  (native  silver,  ruby  silver  ore,  chloride  of  silver, 
&c.,)  are  best  and  cheapest  worked  by  fusion  with  lead  and 
cupelling.  Ores  chiefly  containing  native  silver  may  be 
advantageously  smelted  in  crucibles,  or  refined  without  any 
preliminary  process.  Ores  of  moderate  richness,  which  can- 
not be  treated  with  success  by  those  methods,  are  smelted 
with  iron  and  lead  ores,  or  similar  products. 

Smelting  of  Rich  Ores  in  Crucibles. — This  smelting  is 
conduced  either  in  plumbago  or  in  fire  clay  crucibles,  usually 
with  an  addition  of  iron  for  decomposing  the  AgS,  and  some 
lead,  if  none  is  contained  in  the  ores.    Litharge  is  preferable 

•  B.  u,  h.  Ztg.,  i860,  p.  359 ;  1863,  p.  285. 
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to  lead  when  earthy  substances  are  present,  and  then  it  is 
also  advisable  to  make  an  addition  of  carbonate  of  potash 
and  glass.  The  resulting  plumbiferous  silver  is  refined,  and 
the  matt  usually  desilverised  by  a  second  treatment  with 
iron. 

Former  Mode  of  Smelting  Rich  Ores  at  Kongsberg.*— * 
The  ore  veins  of  Kongsbergt  contain  chiefly  native  silver,  and 
frequently  other  rich  silver  ores,  such  as  silver  glance,  &c., 
in  association  with  galena,  copper  p}rrites,  and  zinc  blende. 
Native  silver  containing  90  per  cent  of  silver,  and  some 
schlich,  result  from  dressing  these  ores ;  the  schlich  is  sub- 
mitted to  a  raw  smelting  and  to  a  fusion  process. 

The  native  silver  was  formerly  smelted  on  a  small  refinery 
hearth  urged  by  a  blast ;  but  as  the  volatilisation  of  arsenic, 
zinc,  and  sulphur  caused  too  much  loss  of  silver,  it  was  then 
smelted  in  crucibles,  which  caused  less  loss ;  but  the  loss 
was  greater  again  in  the  subsequent  refining  process.  An 
addition  of  3  per  cent  of  iron  filings  for  decomposing  the 
volatile  sulphide  of  silver,  lessened  that  loss  considerably, 
particularly  when  less  copper  was  contained  in  the  ores. 
An  addition  of  quartz  and  i  per  cent  of  borax  was  made  to 
scorify  the  FeO.  The  smelting  was  done  in  quantities  of  300 
lbs.  in  an  air  furnace,  and  one  crucible  was  used  from  4  to  6 
times.    The  following  products  were  obtained : — 

a.  Silver,  which  was  refined  with  a  little  addition  of  lead 
(i  oz.  to  3  lbs.),  and  the  loss  of  silver  amounted  to  2|  ozs< 
per  lb. 

b.  Slags  ;  these  were  pounded  together  with  the  dross  of 
the  refining  process,  washed  to  coUedt  the  larger  silver  grains, 
and  then  used  in  admixture  in  the  raw  smelting  process. 
The  following  simpler  method  has  been  adopted  since 
1844  • — 

Refining  the  Native  Silver. — The  native  silver  with 
some  little  silver  glance  is  quickly  melted  on  the  refinery 

*  Hausmann  scandinavische  Reise,  ii.,  33.  Russeooer^s  Reisen,  iv.,  551. 
B.  u.  h.  Ztg.,  1855,  p.  49,  99;  1858,  p.  loi.  BoBERTf  in  Karsten's  Archiv., 
xn.    Leobener  Jahrbuch,  1852,  ii.,  190.    Cotta,  Erzlagerstatten,  1861,  ii.,  512. 

t  TuNNER*s  Leobener  Jahrbuch,  1852,  ii.,  191.  B.  u.  h.  Ztg.,  1855,  p.  99 ; 
1856,  p.  164;  1862,  p.  433- 
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hearth*  with  an  addition  of  some  cut-up  iron  wire,  lime,  and 
i'5  per  cent  of  litharge,  the  working  door  being  kept  closed. 
The  dross  is  then  skimmed  ofif,  and  the  silver  refined  as 
usual  •  Dross  and  hearth  are  worked  in  a  small  cupola  fur- 
nace for  the  produdlion  of  an  alloy  containing  8  or  lo  ozs.  of 
silver  per  lb.,  and  this  is  added  to  the  next  refining  smelting ; 
the  matt  resulting  at  the  same  time  (3  to  6  cwts.  per  annum), 
and  which  contains  from  4  to  6  lbs.  of  silver  per  cwt.,  is 
fused  with  lead,  and  the  slag  worked  in  the  raw  process. 

Fusing  Rich  Silver  Ores  with  Raw  Lead  in  the  Cupel- 
ling Process. — In  this  process  the  sulphuretted  and  arsenical 
silver  is  chiefly  decomposed  by  the  litharge  formed  at  the 
cupellation,  which  also  combines  with  the  earthy  substances 
of  the  ore  forming  a  slag,  whilst  the  liberated  silver  enters 
into  combination  with  the  lead. 

At  Andreasberg,t  in  the  Hartz,  silver  ores  with  10  per 
cent  of  silver  are  distributed  in  quantities  of  i  or  2  cwts. 
over  the  surface  of  the  poor  raw  lead  on  the  hearth  of  the 
cupelling  furnace,  just  when  the  formation  of  litharge  begins, 
and  the  blast  being  turned  off  a  strong  fire  is  given  for  about 
one  hour.  The  silver  is  reduced  partly  by  the  roasting  and 
partly  by  the  readlion  of  the  oxide  of  lead,  and  enters  into 
combination  with  the  lead ;  the  whole  mass  becomes  very 
fluid,  and  by  the  influence  of  the  blast  the  earthy  substances 
form  a  slag  which  is  skimmed  off,  and  if  it  contains  some 
ounces  of  silver,  is  added  to  other  lead  smelting  processes. 

At  Poullaouent  the  red  earths  of  HuSlgoet  (quartz  sand  and 
ferruginous  clay,  with  native  chloride,  bromide,  and  sulphide 
of  silver),  containing  more  than  two  per  cent  of  silver,  and 
raw  silver  of  the  amalgamation  process,  are  added  during 
cupellation;  the  former  at  the  period  when  commer- 
cial litharge  is  formed,  which  quickly  decomposes  chloride 
of  silver,  &c.,  and  the  latter  towards  the  end  of  the  cupelling 
process,  as  the  marketable  lithai^ge  would  otherwise  become 
too  argentiferous. 

•  B.  u.  h.  Ztg.,  1855,  p.  117 ;  i863»  P-  437- 

t  Kerl,  Oberharzer  Huttenpr.,  i860,  p.  694. 

I  RivoT,  Trait6  de  Metallttrgie,  ii.,  617,  z86o.    B.  u.  h.  Ztg.,  1859,  p.  351. 
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At  Freiberg,  also,  native  silver  and  rich  silver  ores  are 
reduced  during  the  cupelling  process. 

Smelting  Rich  and  moderately  Rich  Silver  Ores  with 
Lead  Compounds. 
This  method  can  only  be  carried  out  with  advantage  as 
regards  the  yield  of  silver ;  when  it  is  possible  to  add  enough 
lead  ores  and  produ(5ts  to  prote<^  the  silver,  otherwise  a 
greater  loss  of  silver  would  take  place  by  scorification,  and 
more  silver  would  remain  in  the  intermediate  produdls. 
According  to  experiments  made  at  Andreasberg,  from  z  to 
3  lbs.  of  lead  are  required  for  every  o*oi  lb.  of  silver ;  according 
to  experiments  made  by  Markus*  at  Joachimsthal,  the  fol- 
lowing conditions  are  very  favourable  to  desilverising  without 
loss  of  metal : — ^A  high  furnace,  wide  in  the  lower  part ; 
inclined  tuyeres  of  zd*;  dark  nose  9  or  10  inches  long; 
non-flaming  furnace  mouth ;  a  quick  process  with  a  pressure 
of  the  blast  of  four  lines  of  mercury ;  and  a  slag  of  the  com- 
position,— 

3(FeO)3,  SiOj  +  (CaO)3,  ^(SiOj)  +  AlaOa,  z{SiO,). 

If  lead  products  and  ores  are  not  to  be  had,  it  is  best  to 
treat  silver  ores,  when  not  too  rich,  by  a  raw  process  previous 
to  desilverising  by  lead,  coUedting  the  silver  into  a  matt  by 
means  of  iron  pyrites. 

Illustrations  of  the  Processes  of  Smelting  Rich  Silver 

Ores. 

At  Andreasberg,  silver  ores  with  from  zj^  to  10  per  cent  of 
silver  are  smelted  together  with  galena,  the  produdts  of  the 
cupelling  process,  iron,  and  slags;  this  ^process  produces 
rich  lead :  the  richer  ores  are  fused  with  lead,  and  the  poorer 
ores  are  worked  by  the  process  for  producing  poor  lead.  At 
the  rich  lead  smelting  it  is  arranged  that  from  z  to  3,  and 
at  the  poor  lead  smelting  from  4  to  5  lbs.  of  lead  shall 
be  present  for  every  o'oi  lb.  of  silver.  The  resulting  raw 
lead  is  cupelled,  the  lead  matt  repeatedly  worked  over,  and 
the  copper  matt  last  resulting  from  these  processes  is  trans- 

•  B.  u.  h.  Ztg.,  1857,  p.  51. 
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formed  into  raw  copper,  which  is  then  desilverised  by  a 
liquation  process. 

At  the  smelting  works  in  Lower  Hungary,  the  DQrr  ores, 
and  those  containing  the  highest  amount  of  silver,  are  worked 
together  with  roasted  lead  ores  and  raw  matt ;  and  at  the 
works  in  Upper  Hungary,  poorer  ores  are  smelted  in  the 
poor  lead  smelting,  and  rich  ores  in  the  rich  smelting 
process. 

At  Allemont,*  in  the  department  of  Is^re,  the  silver  ores, 
consisting  of  native  silver,  silver  glance,  and  red  silver  ore, 
and  associated  with  calc  spar,  siliceous  clay,  a  little  iron 
pyrites,  and  a  large  amount  of  brown  iron  ore,  are  sorted  by 
hand  and  stamped  without  water.  Five  tons  of  ore,  with  an 
average  of  07  lb.  of  silver  per  cwt.,  are  mixed  with  7  tons, 
10  cwts.  of  ore  slagfs,  16  cwts.  of  burned  lime,  16  cwts.  of 
iron  refinery  cinders,  and  so  much  galena,  litharge,  and 
hearth  that  the  raw  lead  will  contain  2  lbs.  of  silver  per  cwt. 
The  smelting  process  is  carried  on  in  low  cupola  furnaces 
3 J^  feet  high,  and  gives  the  following  produdls : — 

a.  Raw  Lead ;  this  is  cupelled,  and  contains  only  about 
f  of  the  silver  present  in  the  ore. 

b.  Matt,  which  contains  J  of  the  silver  of  the  ore ;  this  is 
smelted  with  litharge  and  hearth,  and  produces  a  raw  lead 
which  is  cupelled  again,  and  a  second  matt  which  is  thrown 
aside. 

c.  Slags ;  only  part  is  used  again  as  a  flux  in  the  mixture. 
This  process  has  all  the  faults  which  were  before  pointed 

out ;  the  galena  is  found  at  a  great  distance  from  the  smelting 
works,  its  application  is  therefore  limited  as  much  as 
possible,  and  this  causes  great  loss  of  silver  by  scorification. 
The  large  amount  of  silver  in  the  matt  indicates  an  unsuitable 
mixture,  and  the  low  furnaces  only  permit  an  inefifecStual 
redudtion  and  consume  a  considerable  amount  of  fuel. 

In  Freiberg,*  raw  and  rich  Diirr  ores  are  smelted  during 
the  lead  smelting  process. 

I  Freiberger  Jahrbuch,  1848,  p.  79. 
*  Karsten's  Metallurgie,  v.,  508. 
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Treatment  of  Argentiferous  Lead  Ores. 

We  may  here  refer  to  most  of  the  processes  treated  in  the 
chapter  on  Lead.  Lead  ores  are  seldom  wholly  without 
silver,  therefore  the  method  described  in  that  chapter  may 
be  considered  as  preliminary  processes  for  the  extradlion  of 
silver.  The  introducStion  of  Pattinson's  process  has  facilitated 
the  extradlion  of  small  amounts  of  silver  in  many  smelting 
works  where  it  was  formerly  considered  imprafticable ;  the 
tapping  off  of  the  lead  resulting  from  the  first  reacftion  period 
in  reverberatory  furnaces,  has  also  allowed  the  extraction  of 
the  silver  contained  in  it. 

Treatment  of  Argentiferous  Copper  Ores. 

This  method  consists  in  smelting  the  roasted  copper  ores 
with  roasted  lead  ores,  and  repeatedly  desilverising  the  re- 
sulting lead  and  the  subsequent  copper  matt  with  lead  pro- 
dudls,and  finally  liquating  the  raw  copper.  It  requires  much 
time  and  fuel,  and  many  expensive  intermediate  processes, 
which  impede  a  clear  survey  and  cause  the  formation  of  impure 
products.  It  is  chiefly  used  where  the  silver,  lead,  and  copper 
ores  are  so  intermixed  that  a  separation  is  either  impossible, 
or  only  to  be  obtained  with  great  expense  and  loss. 

Illustrations  of  the    Processes  for   the    Redudlion    of 
Argentiferous  Copper  Ores. 

The  smelting  process  at  Lohe*  and  Miisen  has  been 
already  described  under  Lead,  but  the  process  at  Lohe  has 
been  somewhat  modified  of  late.  The  roasting  of  the  lead 
ores  now  takes  place  in  a  reverberatory  furnace,  and  requires 
barely  i-20th  of  the  time  formerly  required.  The  nuisance  of 
the  roasting  gases  is  abolished ;  the  processes  of  working  the 
matt  are  considerably  simplified  in  consequence  of  the  better 
and  more  uniform  roasting,  and  a  saving  of  fuel  is  effedted. 

At  Freiberg,  copper  ores,  when  not  containing  upwards  of 
6  per  cent  of  copper,  and  more  than  o'i2  lb.  of  silver  per  cwt., 
are  roasted  and  smelted  together  with  lead  ores. 

*  Prevss.  Zeitschr.,  1862,  x.,  p.  172.    B.  u.  h.  Ztg.,  1863,  p.  gi. 
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Raw    Smelting  of   Poor    Diirr  Ores,   nearly  or    quite 
free  from  Lead  and  Copper. 

If  fused  dire<a  with  lead,  these  ores  would,  on  account  of 
their  excess  of  earths,  cause  a  great  loss  of  metal  by  scori- 
fication,  and  produce  a  lead  poor  in  silver,  &c,  ;  so  that  it  is 
advisable  previously  to  melt  them  together  with  iron  pyrites 
(if  they  do  not  already  contain  it)  in  order  to  produce  a  raw 
matt  chiefly  consisting  of  sulphide  of  iron ;  in  this  the  silver 
is  sufficiently  concentrated  by  suitable  fluxes  (scorifying  the 
earths  and  foreign  metallic  oxides),  that  it  may  be  extra(5ted 
from  the  raw  or  roasted  matt  by  means  of  lead,  if  other  cir- 
cumstances do  not  make  the  wet  way  preferable.  Where  iron 
pyrites  is  not  obtainable,  baryta*  is  used  for  the  formation  of 
matt  (Siberia).  The  roasted  raw  matt  readls  most  favourably 
in  the  fusion  process  with  lead  (in  contrast  to  an  ore  with  the 
same  amount  of  silver) ;  the  iron  present  protedls  the  lead 
from  scorification,  it  assists  the  formation  of  slags,  and  pre- 
cipitates lead  from  the  sulphide  of  lead  present.  These 
advantages  fully  compensate  for  the  cost  of  its  formation. 

Another  advantage  of  this  raw  process  is  that  all  the  re- 
sulting by-produdls  (slags,  &c.,)  may  be  taken  in  admixture, 
so  as  to  allow  the  extradlion  of  a  great  part  of  the  copper, 
silver,  and  lead  contained  in  them. 

The  following  are  the  chief  points  to  be  considered  in 
carrying  out  the  raw  smelting  process : — 

I.  The  Formation  of  a  suitable  Mixture. — With 
regard  to  the  amount  of  silver  in  the  raw  matt,  experience 
shows  that  the  concentration  of  the  silver  in  raw  matt 
must  be  confined  to  certain  limits  (between  o*i6  and  o"2  per 
cent  of  silver),  otherwise  the  loss  of  silver  will  be  too  great, 
as  particles  of  raw  matt  are  always  mechanically  retained  in 
the  slags ;  the  richer  the  raw  matt  is  therefore,  the  greater 
will  be  the  loss  of  silver  in  the  slags,  which  also  frequently 
renders  a  concentration  of  raw  matts  disadvantageous  ;  ores 
containing  antimony  and  arsenic  cause  great  loss  of  silver  by 
volatilisation. 

In  order  to  form  a  proper  mixture,  the  amount  of  silver  in 

*  Bgwkfd.,  xvi.,  No.  7. 
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the  ores  and  fluxes  must  be  determined  by  an  assay>  and  the 
quantity  of  raw  matt  which  may  be  produced  by  the  iron 
P3rrites,  &c.,  must  also  be  ascertained  by  a  raw  matt  assay. 

This  assay*  is  performed  as  follows  :-^ 

One  assay  part  of  ore  is  put  at  the  bottom  of  a  clay  crucible, 
upon  it  2  or  3  parts  of  vitreous  borax,  upon  these  i  or  2  parts 
of  glass  free  from  lead ;  this  is  covered  with  i  J  or  2  parts  of 
common  salt ;  a  piece  of  charcoal  is  put  on  the  top,  and  the 
crucible  is  heated  for  i  or  J  of  an  hour  in  an  air  furnace.  In 
case  metallic  oxides  or  sulphates  are  present,  from  0*04  to 
o'l  part  of  coal  dust  or  rosin  is  added  to  the  ore,  and 
when  the  ores  are  very  refradlory,  some  lime  and  fluor  spar 
are  added. 

The  slag,  which  is  usually  vitreous  and  of  a  green  colour, 
owing  to  the  presence  of  some  metallic  oxides,  must  have 
been  perfe<aiy  liquid  and  easily  separated  from  the  brittle 
regulus ;  when  the  latter  has  been  weighed,  it  is  broken, 
and  an  idea  is  formed  from  its  appearance  as  to  whether  it 
contains  certain  ingredients  which  may  be  injurious  in  the 
raw  smelting  process.  A  regulus,  consisting  almost  entirely 
of  pure  sulphide  of  iron,  has  a  yellow  colour,  and  soon 
becomes  dim  and  crumbles,  in  consequence  of  the  presence 
of  a  little  sulphide  of  sodium  which  becomes  decomposed 
into  NaO,  SO^^  and  HS.  A  matt  of  a  more  steel-grey  colour, 
of  semi-metallic  lustre,  laminated  or  radiated,  not  crumbling 
at  all,  or  crumbling  but  little  in  the  air,  indicates  zinc  blende ; 
the  amount  of  zinc  blende  is  very  high  when  the  slag  is 
intermixed  with  blende  and  the  resulting  regulus  is  too 
small  and  angular,  or  when  none  at  all  is  separated.  Efforts 
have  been  made  to  counteradl  the  noxious  influence  of  too 
great  an  amount  of  zinc  blende  by  a  large  addition  of  borax 
and  by  employing  high  temperatures,  also  by  facilitating  the 
colle<5lion  of  the  matt  by  an  addition  of  from  0*005  to  o"oi  part 
of  metallic  copper  in  the  form  of  wire  or  filings  to  roasted 
ores,  and  of  0*02  parts  to  raw  ores.  Sulphide  of  lead  gives 
the  matt  a  whitish-grey  colour  and  a  laminated  fracfture. 

*  B.  u.  h.  Ztg.,  1859,  p.  147.  Oesterr.  Ztschr.,  1856,  p.  41,  145,  281.  Bode- 
MANN  Kerl*8  Probirkunst,  1857,  p.  502. 
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When  roasted  ores  are  used,  and  an  extraction  of  lead  has 
taken  place,  the  regulus  must  be  weighed,  pounded,  the  lead  { 

separated  and  its  weight  subtracted,  as  well  as  the  weight  | 

of  the  copper  which  may  have  been  added.  Copper  pyrites 
gives  rise  to  a  brassy  yellow  colour  and  a  quick  deadening  of 
the  fragments ;  subsulphide  of  copper  causes  a  bluish  grey 
colour,  a  fine  grain,  and  great  brittleness.  Arsenic  and  sul- 
phides when  together,  and  when  the  sulphides  prevail,  cause 
the  formation  of  a  speiss-like  matt ;  when  the  reverse  is  the  j 

case,  speiss  and  matt  are  separated. 

These  admixtures  modify  considerably  the  value  of  the 
pyrites,  when  the  latter  is  used  as  a  reagent  for  the  extraftion 
of  silver,  and  they  sometimes  make  it  necessary  to  determine 
the  different  substances  contained  in  them  by  wet  analysis.* 

The  amount  of  raw  matt  in  the  mixture  must  be  kept  between 
30  and  50  per  cent,  and  the  mixture  must  be  obtained  either 
by  a  suitable  mixing  of  the  different  ores,  if  they  contain  suf- 
ficient pyrites,  or  by  an  addition  of  pyrites.  The  pyrites  is 
seldom  quite  pure ;  and  it  is  desirable  that  it  should  contain 
an  amount  of  silver.  The  presence  of  copper  pyrites  has  a 
partially  advantageous  influence,  as  it  enables  the  iron  pyrites 
to  coUecSl  the  silver  better,  and  as  the  resulting  matt  separates 
more  easily  from  the  slags  on  account  of  its  greater  cohesion  ; 
on  the  other  hand,  cupriferous  raw  matt  is  more  difficult  to 
desilverise  by  means  of  lead.  Arsenical  pyrites  and  zinc 
blende  aft  injuriously  if  in  larger  quantities ;  they  weaken 
the  coUefting  power  of  the  sulphide  of  iron;  the  former 
causes  loss  of  silver  by  volatilisation,  and  the  latter  renders 
the  mass  difiicult  to  fuse.  A  larger  amount  of  zinc  a6ls 
disadvantageous^  upon  the  subsequent  processes.  Occa- 
sionally, when  pyrites  is  not  easily  obtainable,  sulphate  of 
bar3rta  is  substituted  (Altai).  The  sulphide  of  barium  which 
is  formed  enters  partly  into  combination  with  the  matt, 
rendering  it  specifically  lighter  and  more  difficult  to  separate 
from  the  slags,  and  retaining  silver  and  gold  in  the  subse- 
quent fusion  with  lead.  Aidarow,t  therefore,  smelts  ores 
containing  sulphate  of  baryta  together  with  iron  ore,  for 

*  Hauch,  in  Oesterr.  Ztschr.,  1857,  P-  '35* 
f  Bergwerksfreund,  xviii.,  69. 
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the  separation  of  baryta;  and  then  he  again  smelts  the 
resulting  matt,  having  previously  roasted  it,  together  with 
new  silver  ores,  which  causes  a  decreased  consumption  of 
iron  ore,  and  also  the  production  of  a  raw  matt  containing 
double  the  amount  of  silver. 

Endeavours  have  been  made,  with  more  or  less  success,  in 
Siberia*  and  in  Tyrol,  t  to  enrich  poor  silver  ores  containing 
sulphate  of  barsrta  by  heating  them  with  coal  and  by  washing 
out  the  resulting  sulphide  of  barium  with  water. 

The  mixture  must  be  made  with  regard  to  the  formation 
of  slags.  Experience  shows  that  the  slags  which  are  best 
for  the  raw  smelting  are  those  containing  protoxide  of  iron 
and  lime  appro.aching  to  a  bi-silicate,  as  they  most  easily 
allow  the  raw  matt  to  sink  to  the  bottom,  without  themselves 
cooling  too  quickly.  Higher  silicated  slags  increase  the 
consumption  of  fuel,  and  lower  silicated  slags  require  when 
working  a  quartzose  smelting  mass,  more  flux,  and  conse- 
quently an  expenditure  of  more  fuel  and  labour. 

The  raw  slags  at  Freiberg,  for  instance,  are  combinations 
of  mono-  and  bi-silicates  of  the  formulae, — 
3(CaO,  MgO,  FeO),  28103 +Ala03,  28103,  and, 
5(CaO,  FeO),  8i03-|-7(CaO,  MgO,  FeO),3  SiOg-l-AlaOg,  SiOa, 

The  following  are  analyses  of  such  slags : — 

SiOs.  AI3O3.  FeO.  MnO.  CaO.    BaO.   MgO.    PbO.    Cu.    Zn.    SO3.    S. 


I. 

4875 

lO'IO 

35'^ 

003 

489 

— 

trace 

—        —     —      — 

— 

2. 

5033 

6' 10 

3825 

trace 

3-38 

trace 

2*0O 

trace      —      —      _ 

— 

3. 

50*49 

3*44 

2093 

•42 

7-85 

— 

2-88 

3 "20  trace   6*84    — 

245 

4- 

5372 

467 

1694 

2-41 

7-94 

— 

3-04 

2*oo     1-31    5*IO    — 

274 

5- 

29-0 

4*5 

495 

— 

8-4 

— 

— 

other  components 

8-6 

6. 

521 

trace 

306 

— 

5-6 

— 

0*4 

other  components 

"•3 

Nos.  I  and  2  are  raw  slags  from  Freiberg,  3  and  4  from 
Schemnitz,  and  5  and  6  from  JoachimsthaL 

According  to  Samuelsen,  a  greater  formation  of  iron 
deposits  takes  place  in  the  raw  smelting  process  when  the 
mixture  contains  more  pyrites.  He  states  that  when  this  is 
the  case  sulphide  of  carbon  is  abundantly  developed,  and 
this  sulphide  of  carbon  has  a  strong  reducing  adtion  upon 
oxidised  iron,  forming  Fe38,  which  is  then  decomposed  into 

*  Oesterr.  Zeitschr.*  1862,  No.  49,  50.     B.  u.  h.  Ztg.,  1863,  p.  114. 
t  Ibid,  1863,  No.  I.     Ibid.,  1863,  p.  269. 
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FcjS  and  Fe.  The  sulphide  of  carbon  reduces  Ca,  Si,  &c. 
in  the  same  way,  transforming  these  substances  into  sulphides. 

?.  The  Raw  Smelting  Process. — ^When  the  mixture  is 
properly  composed,  the  basic  earths  (CaO,  MgO,  AlaOj)  and 
the  oxides  which  are  more  difl&cult  to  reduce  (FeO,  MnO, 
ZnO)  combine  with  the  silica,  and  form  a  slag,  whilst  the 
undecomposed  sulphides,  or  those  reduced  from  the  sulphates 
(Fe,  Mn,  Cu,  Zn,  Sb,  As,  &c.),  receive  the  silver  and  form  a 
matt.  The  metals  from  oxides  which  are  easier  to  reduce, 
combine  with  the  sulphur  which  is  present  in  excess. 
Sulphide  of  zinc  partly  enters  the  matt  as  such,  and  partly 
becomes  decomposed  and  enters  the  slag  as  an  oxide ;  some 
metallic  fume  containing  zinc  is  also  formed. 

The  smelting  process  may  be  carried  on — 

a.  In  cupola  furnaces  construdled  in  the  form  of  sump  fur- 
naces, sometimes  with  one,  and  sometimes  with  more  than 
one  tuyere,  with  or  without  condensation  chambers ;  these 
are  very  advisable  on  account  of  the  strong  blast  required.* 
According  to  experiments  made  at  Freiberg,  furnaces  with 
two  tuyeres,  with  or  without  a  partition  wall,  give  a  larger 
production,  and  allow  a  saving  in  labour  and  fuel  compared 
with  furnaces  with  one  tuyere.  The  smelting  is  condudled 
either  with  no  nose  or  with  a  short  one  (Lend).  The  height 
of  the  furnace  depends  on  the  fusibility  of  the  mixture,  on 
the  amount  of  zinc  contained  in  the  ore,  on  the  nature  of  the 
fuel,  &c.  The  interior  form  of  the  furnaces  approaches  that 
of  Vogl's  lead  furnaces  (page  78) ;  the  raw  furnaces  being 
some  inches  shorter  and  narrower.  Occasionally  these  fur- 
naces are  furnished  with  boshes,  like  iron  blast  furnaces, 
which  increase  the  temperature  (Lend) ;  in  some  cases  they 
have  perpendicular  walls  (Hungary). 

The  furnaces  require  a  suitably  enlarged  hearth  to  effeft  a 
larger  production  and  give  a  higher  temperature.  Hot  blast 
effefts  a  saving  of  fuel,  enables  a  larger  quantity  of  mixture 
to  be  smelted,  and  allows  longer  operations  (Kongsberg). 

b.  In  rcverberatory  furnaces,  which  at  Freiberg,  for  in- 
stance, have  been  proved  to  possess  the  following  advantages 

*  Oesterr.  Ztschr.,  1854,  p.  258. 
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over  the  cupola  furnaces : — The  quantity  smelted  is  three 
times  larger ;  a  saving  of  fuel  and  labour  is  efTec^led ;  a  larger 
addition  of  ores  containing  blende  may  be  given ;  the  most 
refradlory  ores  may  be  used;  and  an  addition  of  pyrites 
avoided,  ad  in  reverberatory  furnaces  less  sulphur  is  used 
than  in  cupola  furnaces.  Comparisons  show  that  the  money 
saved  by  the  process  in  reverberatory  furnaces  is  15  per 
cent,  whilst  the  gain  by  cupola  furnaces  only  amounts  to  5 
per  cent.  But  the  raw  matt  produced  in  reverberatory  fur- 
naces from  ores  with  blende  contains  more  zinc  than  such  a 
matt  produced  in  cupola  furnaces,  which  necessitate  a  more 
perfeft  roasting  of  the  flux  ores. 
The  produdls  from  this  smelting  are  chiefly — 
a.  Raw  Matt,  which  is  composed  as  follows : — 


Fe. 

Pb, 

Ctt. 

Zn. 

Ag.        Ni. 

Sb.        As. 

S. 

I. 

58-00 

12-25 

2*00 

3-00 

0-14        — 

—        2*00 

1875 

2. 

66-41 

6-48 

1-50 

o-6o 

0-15        — 

-      5-56 

19-27 

3- 

62-35 

5*22 

1*26 

— 

o*io      — 

—    10-28 

I9'34 

4- 

4689 

2-45 

5-00 

6-30 

0'126l   — 

trace. 

36-97 

Nos.  I  to  3  are  raw  matts  from  Freiberg,  and  No.  4  matt 
from  Schemnitz :  the  latter  contains  0*0041  per  cent  of  gold- 

This  matt  is  either,  after  a  previous  roasting,  fused  direftly 
with  lead,  or  it  is  previously  concentrated  in  order  to  enrich 
it  in  silver.  To  concentrate  the  raw  matt,  it  is  first  roasted, 
not  too  strongly,  in  mounds,  when  sulphates,  arseniates,  and 
antimoniates,  and  oxide  of  iron  will  be  formed,  whilst  a 
part  of  the  metallic  sulphides,  antimonides,  and  arsenides 
remains  undecomposed.  If  the  roasting  mass  is  now  sub- 
mitted to  a  reducing  and  purifying  smelting  with  a  sufiicient 
quantity  of  siliceous  substances,  so  that  a  mixture  of  mono- 
and  sub-silicated  slags  may  be  formed,  a  matt  richer  in  copper 
and  silver,  and  poorer  in  iron  (concentration  matt),  will  result, 
the  iron  being  chiefly  scorified.  A  more  highly  silicated  slag, 
requiring  a  higher  temperature  for  smelting,  would  cause 
the  reduftion  of  iron  and  the  formation  of  iron  deposits ;  and 
this  would  also  be  the,  case  if  sub-silicated  slags  were  formed 
for  want  of  silica,  whilst  at  the  same  time  an  incomplete  sepa- 
ration of  the  matt  would  take  place.  Ores  containing  anti- 
mony and  arsenic,  if  they  are  too  strongly  roasted,  or  if  the 

Q  2 
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mixture  is  too  rich  in  iron,  or  if  the  pressure  of  the  blast  is 
too  strong,  cause  the  formation  of  a  very  hot  matt  emitting 
sparks,  from  which  a  speiss,  mostly  rich  in  noble  metals, 
separates.  This  speiss  can  only  become  imperfectly  desil- 
verised,  though  it  may  be  very  strongly  roasted.  Ores  richer 
in  silver  are  sometimes  added  at  this  concentration  smelting 
(Kongsberg,  Lower  Hungary). 

Great  care  must  be  taken  not  to  carry  on  the  concentration  of 
the  matt  too  far,  or  over  rich  slags  will  occur  owing  to  their  in- 
cluding particles  of  matt.  These  disadvantages  have  hindered 
the  introduAion  of  this  concentration  of  matt  at  Freiberg.* 

6.  Raw  Slags ;  these,  on  account  of  their  siliceous  nature, 
are  used  as  building  material  and  as  a  purifying  flux  in  later 
matt  smeltings,  otherwise  they  are  thrown  aside. 

c.  Smoke  containing  silver ;  this  is  worked  up  in  the  raw 
concentration  smelting. 

d.  Metallic  Fume  rich  in  Zinc ;  this  is  either  worked  up 
for  the  extraction  of  zinc  or  is  thrown  away. 
Illustrations  of  the  Raw  Smelting  Process  in  Cupola 

Furnaces. 
At  Kongsberg,  in  Norway,  poor  schlich  with  from  f  to  2  ozs., 
and  slime  with  ^  oz.  of  silver  per  cwt.,  in  admixture  with 
smoke,  soot,  slags,  and  iron  pyrites,  are  worked  in  a  cupola 
furnace  14  feet  high,  with  a  large  fore  hearth,  a  hot  blast  of 
igo"*  C,  and  a  pressure  of  3*5  inches  of  mercury,  for  the  pro- 
duftion  of  raw  matt  with  4  or  5  ozs.,  smoke  with  i  oz.,  and 
valueless  slags  with  from  o*o6  to  0*03  oz.  of  silver.  The  raw 
matt  of  1859  contained  on  an  average — 

S 29*969 

Fe .    .    . 63525 

Cu 2*500 

Zn 1*013 

Ag 0-329 

Ni 0*146 

Co 0-128 

Mn 0-148 

Se 0-046 

The  As  and  Sb  were  not  determined.  This  matt  is  con- 
centrated and  fused  with  lead. 

•  Freiberger  Jahrbuch,  1845,  P*  5^1  1846,  p.  iii. 
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In  1859,  778  tons,  3  cwts.  of  schlich  and  slime,  282  tons, 
10  cwts.  of  iron  pyrites,  and  580  tons  of  slags,  produced 
270  tons,  4  cwts.  of  raw  matt,  containing  5J  ozs.  of  silver, 
48  tons,  9  cwts.  of  fume,  and  1,340  tons  of  slags.  Of  the 
total  amount  of  silver  contained  in  the  mixture  91  per  cent 
entered  the  raw  matt,  37  per  cent  the  smoke,  and  5*3  per 
cent  the  slags.  In  24  hours,  12  tons,  13  cwts.  of  mixture 
(without  smoke),  5*6  tons  of  them  schlich,  have  been  worked; 

2  cwts.  of  mixture  require  5*6  cubic  feet  of  charcoal. 

At  Lend*  (Salzburg),  the  ores  at  Bockstein  and  Raurist 
occur  in  gneiss,  chlorite,  mica  slate,  quartz,  and  calc  spar, 
associated  with  blende,  iron  pyrites,  and  arsenical  pyrites, 
varying  in  their  amount  of  gold,  silver,  and  raw  matt;  as  they 
contain  an  excess  of  silica,  they  are  mixed  with  so  much 
basic  slags,  lime,  and  roasted  matt,  that  a  slag  is  formed 
consisting  of — 

SiOa 51*02 

Al^Oj 2-i6 

CaO 15*40 

FeO 1975 

MgO 875 

and  containing  small  quantities  of  As,  Mh,  Zn,  Cu,  and  S. 
The  smelting  of  the  mixture  is  conduced  in  sump  furnaces, 
as  represented  by  Figs.  64  and  65.  a,  is  the  sump ;  6,  the 
fore  hearth ;  c,  the  tuyeres ;  ^,  the  outside  basins ;  and  e,  the 
condensation  chambers. 

8  tons,  15  cwts.  of  mixture,  containing  on  an  average 
0*047  lb-  of  auriferous  silver,  are  smelted  in  24  hours,  causing 
a  loss  of  not  more  than  0*26  percent  of  metal ;  i  cwt.  of  mix- 
ture consuming  3*4  cubic  feet  of  coal.  The  produAs  are  from 
40  to  45  per  cent  (of  the  mixture)  of  raw  matt,  containing — 
Fe  .  .  .  55*1  per  cent.  Ca  ...  1*2  per  cent. 
Cu  .  .  .  4*3 
Zn  .  .  .  3*7 
Pb  .  .  .  2*1  „ 
Ni  .  .  .  o'8  „ 
To  concentrate  the  matt  it  must  be  roasted  in  mounds  with 

3  or  4  fires,  so  far  as  to  give  not  more  than  40  per  cent  of  matt, 

*  Oesterr.  Ztschr.,  1862,  p.  297.    B.  u.  h.  Ztg.,  1862,  p.  424. 
t  Gotta,  Erzlagerstatten,  ii.,  p.  31^* 
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and  melted  with  pyriticschlich  and  pounded  quarts  in  the  raw 
matt  furnace,  the  hearth  of  which  is  lo  or  12  inches  wider, 
and  with  a  pressure  of  only  two  lines  of  mercury.  The  con- 
centrated matt  contains  about  o'26  lb.  of  silver  per  cwt.; 
which  is  melted  together  with  lead  products;  the  slag  is 
thrown  aside. 

Fig.  65. 


At  the  smelting  works  at  Lower  Hungary*  (Schemnitz, 

•  Oesterr.  Ztschr.,  1857,  P-  332. 
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Kremnitz,  Neusohl,  Zsamowitz),  from  lo  to  22  per  cent  of 
Darr  ores,  containing  0*105  to  0*14  lb.  of  auriferous  silver,  from 
20  to  30  percent  of  schlich  with  o'oo2to  0*14  of  silver,  and  from 
70  to  50  per  cent  of  schlich  containing  pyrites  and  0*002  to 
0*101  lb.  of  silver,  besides  dross  and  smoke,  are  mixed,  so  as 
to  contain  an  average  amount  of  0*04  to  0*067  lb.  of  silver 
per  cent,  and  as  the  mixture  contains  much  silica,  an  ad- 
dition is  made  of  from  10  to  20  per  cent  of  limestone,  and 
from  50  to  80  per  cent  of  basic  slags. 

The  furnaces  in  use*  have  two  tuyeres,  trapezoidal  in 
seftion.  Their  dimensions  are  : — Height  22  feet ;  width  in 
the  back,  60  inches ;  in  front,  36  inches ;  depth,  50  inches ; 
height  of  the  tuyeres  above  the  hearth-stone,  from  26  to  28 
inches;  distance  from  each  other,  14  inches;  upper  declination, 
2' ;  lower,  i** ;  projedlion  into  the  furnace,  6  inches ;  depth  of 
the  sump,  28  inches  ;  diameter  of  the  tuyeres,  2 J  inches ; 
pressure  of  blast,  16  lines. 

In  a  week,  from  27  tons,  10  cwts.  to  35  tons  of  ores  and 
schlich  are  worked ;  5  tons  consuming  about  900  cubic  feet  of 
soft  charcoal.  The  loss  of  auriferous  silver  amounts  to  from 
1^  to  if  per  cent ;  the  resulting  produces  are — 

a.  20  or  30  per  cent  of  Raw  Matt,  containing  from  0*14 
to  0*21  lb.  of  auriferous  silver.  This  is  roasted  four  or 
five  times,  and  melted  with  lead. 

b.  6  or  8  per  cent  of  Furnace  Ends,  containing  from  0*03 
to  o*i2  lb.  of  auriferous  silver,  which  are  worked  up  in  the 
next  operation. 

c.  Slags,  which  are  thrown  aside  (containing  0*0005  to 
o*ooi  lb.  of  auriferous  silver). 

d.  2  or  3  per  cent  Smoke,  which  is  treated  as  the  residues. 

as  follows : — 

0*028357  per  cent, 
traces  „ 

15-34 
47-97 


*  Karstbn's  Archiv.,  2  R.,  ix.,  405,  439.  £rdmann*s  Journal  filr  prad. 
Chemie,  i.,  193, 479.  Wehrlb*s  Huttenkunde,  ii.,  401.  Oesterr.  Ztschr.  1862, 
No.  39- 


e. 

Metallic  Soot.    This  is 

composed 

Fe 

.  30*12         per  cent. 

Ag    •    • 

Pb 

.     2-00                    „ 

As&Sb 

Cu 

.      1-20                    „ 

S      .    . 

Zn 

.    4*o6               „ 

Gangue 

Au 

.    0-0009392      „ 
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At  the  smelting  works  at  Barnaul,  Pawlowsk,  Loktewsk, 
and  Smejewsk  (Altai),  silver  ores  are  worked  containing  on 
an  average  0*05  lb.  of  silver  per  cwt.  The  silver  produced 
from  these  ores  contains  3  or  3^  per  cent  of  gold. 

The  usual  mixture  is  composed  of — 
About  65  cwts.  of  silver  ores  containing  0*05  lb.  of  silver  per 

cwt. ;  ^  to  ^  of  them  also  contain  baryta. 
Prom  II  to  19  cwts.  of  desilverised  raw  matt ; 
From  13  to  16  cwts.  of  limestone ;  and 
From  13  to  16  cwts.  of  lead  ore  slags. 

The  smelting  process  is  carried  on  in  cupola  furnaces  12 
or  16  feet  high,  3  feet  deep,  and  2}  and  2  feet  broad  respec- 
tively in  the  back  and  front.  The  furnaces  have  one  tuyere,, 
and  the  nose  is  kept  long  and  dark.  In  24  hours  a  mixture 
of  about  6^  tons  is  worked,  and  i  cwt.  of  ores  consume 
from  80  to  100  lbs.  of  charcoal.    From  the  smelting  result — 

a.  Raw  Matt  with  about  0*0588  per  cent  of  silver,  from  25 
to  35  per  cent  of  Fe,  7  to  15  per  cent  of  Cu,  15  to  20  per  cent  of 
Ba,  3  to  8  per  cent  of  Pb,  nearly  as  much  zinc,  and  a  little 
antimony.  The  rich  matts  also  contain  from  2  to  5  per  cent 
of  Na ;  the  matt  is  desilverised  by  fusion  with  lead. 

b.  Impure  Slags,  obtained  before  and  after  the  tapping  off ; 
these  are  re-smelted. 

c.  Pure  Slags,  consisting  of  from  50  to  55  per  cent  of  silica, 
from  5  to  15  per  cent  of  baryta,  7  to  20  per  cent  of  lime,  10  to 
18  per  cent  of  protoxide  of  iron,  2  to  4  per  cent  of  alumina, 
and  small  amounts  of  MgO,  PbO,  CuO,  KO,  and  NaO. 
They  are  usually  tri-silicates,  or  mixtures  of  bi-  and  tri- 
silicates,  and  are  worked  togther  with  argentiferous 
lead  ores. 

Quemgrosst  has  successfully  separated  the  matt  intermixed 
with  the  slags,  by  dressing  them. 

d.  Metallic  Smoke. — For  the  condensation  of  this  different 
experiments  have  been  made.} 

*  B.  u.  h.  Ztg.,  1853,  p.  137.    CoTTA,  Gangstudien,  ii.,  477. 
f  B.  u.  h.  Ztg.,  1852,  No.  31. 
.      +  Bgwkfd.,  1853,  p.  417. 
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a.  Lead  Process  with  Argentiferous  Matts. 

The  desilverising  of  raw  copper  and  lead  matts  may  be 
effected  by  melting  them  in  a  raw  state  with  metallic  lead 
(Eintranken,  hydrostatic  smelting),  or  by  smelting  the  roasted 
matt  with  roasted  or  raw  lead  ores,  or  lead  produAs  from 
the  cupelling  process.  If  the  lead  used  for  this  process  con- 
tains copper  (Kongsbeig),  or  if  some  black  copper  is  added, 
the  desilverising  will  be  facilitated,  as  the  copper  will  enter 
the  matt  while  separating  silver  from  sulphide  of  silver 
{Abdarr  process). 

Desilverising  by  means  of  Metallic  Lead. 

This  process  is  founded  upon  the  behaviour  of  metallic 
lead  towards  sulphide  of  silver ;  the  sulphide  of  silver  is  decom- 
posed by  the  metallic  lead,  forming  sulphide  of  lead,  and  the 
liberated  silver  enters  into  combination  with  the  excess  of 
lead  present.  This  desilverising  takes  place  more  perfeAly 
when  the  contaA  between  the  fused  matt  and  the  liquid  lead 
is  more  intimate ;  yet  the  decomposition  is  never  complete, 
and  all  that  can  be  done  is  to  extradl  as  much  of  the  silver 
as  possible  by  a  repeated  treatment  of  the  matt  with  fresh 
lead,  so  as  to  compensate  for  the  cost  of  smelting  and  the 
loss  of  lead,  and  to  make  treatment  by  the  liquation  pro- 
cess, of  the  black  copper  produced  from  the  matt,  unnecessary. 

This  process  is  chiefly  in  vogue  in  localities  where  fuel 
and  lead  ores  are  not  abundant.  By  smelting  raw  matt  with 
lead  ores  in  cupola  furnaces  a  more  perfedt  desilverising 
takes  place,  as  lead  at  the  moment  of  reduAion  possesses 
the  greatest  affinity  for  silver  and  gold ;  but  a  greater  loss  of 
lead  and  copper  occurs  than  when  the  matts  are  treated  by 
metallic  lead  at  a  lower  temperature.  Desilverising  in  this 
way  is  more  imperfe<5t,  as  it  is  impossible  to  keep  the  matt 
in  contaft  with  the  liquid  lead  for  a  sufficiently  long  time. 
The  amount  of  copper  in  the  raw  lead  produced  by  this 
process  is  smaller  than  that  contained  in  raw  lead  which  has 
been  produced  by  smelting  the  roasted  matt  with  lead  or 
litharge  in  cupola  furnaces. 
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The  molten  matt  is  usually  stirred  with  liquid  lead  in  a 
hearth ;  Gren's  process  (hydrostatic  smelting)  of  making  the 
fused  matt  ascend  in  thin  jets  through  the  liquid  lead  has 
been  tried  in  Miisen,*  on  the  Altai,  t  and  on  the  Upper  Hartz 
without  giving  satisfadlory  results. 

The  raw  matt  for  this  process  is  either  smelted  in  separate 
hearths  (Altai),  or  the  liquid  matt  resulting  from  the  concen- 
tration process  is  used  for  it  (Kongsberg). 

Illustrations  of  Desilverising  Matt  by  Fusion  with  Lead. 

At  the  smelting  works  on  the  Altai,  the  raw  matt  con- 
taining 0*05  lb.  of  silver  is  smelted  in  quantities  of  about 
2^  tons.,  in  hearths  about  4^  feet  in  diameter  and  3  feet  in 
height,  furnished  with  three  tuyeres.  After  the  matt  has  been 
smelted  the  slags  are  removed,  the  surface  covered  again 
with  burning  coals,  and  upon  these  16  cwts.  of  lead  in  small 
ingots  are  put  opposite  the  tuyeres.  The  lead  melts,  per- 
meates the  matt,  and  coUedls  at  the  bottom  of  the  hearth ; 
it  is  then  repeatedly  stirred  up  with  green  wooden  poles  to 
bring  it  in  contadl  with  the  matt,  afterwards  allowed  to 
settle,  and  then  tapped  off.  The  matt  is  thus  treated  three 
or  four  times,  each  time  with  16  cwts.  of  lead,  till  the  amount 
of  silver  it  contains  has  decreased  to  about  0*012  lb.  The 
raw  lead  of  the  first  treatment,  containing  about  0*126  lb.,  is 
cupelled ;  that  of  the  second,  containing  about  0*0756  lb.,  is 
used  for  a  repetition  of  the  first  treatment ;  and  that  of  the 
third,  containing  about  0*037  lb.,  for  the  second  treatment. 
Each  hearth  will  effeA  three  such  operations  in  24  hours. 
The  desilverised  raw  matt  is  used  up  in  the  raw  or  lead 
process. 

At  Kongsberg  the  raw  matt  is  submitted  to  the  following 
operations : — 

a.  Fusion  of  Raw  Matt  with  Lead. — ^The  matt  is  broken 
into  pieces  about  2  cubic  inches  in  size,  and  roasted  four 
times  in  mounds  capable  of  holding  50  tons.  It  is  then  con- 
centrated in  cupola  furnaces,  together  with  the  richer  schlich 

^  Erdmann^s  Journal  fUr  ok.  Chemie,  xvi.,  48.     Lampadius,  Fortschritte, 
X839,  p.  75-   ^ 
f  B.  u.  h.  Ztg.,  1845,  P-  403- 


^ 
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containing  from  5  to  7  ozs.  of  silver  per  cwt,,  and  smoke 
containing  5  or  6  ozs.  of  silver  per  cwt. ;  and  the  concentrated 
liquid  matt  in  the  tap  hearth  is  stirred  with  raw  lead  con- 
taining from  2  to  5  lbs.  of  silver  per  cwt.  The  latter  is 
cupelled  when  it  is  enriched  up  to  12  or  15  lbs.  According 
to  Samuelsen^  the  formation  of  iron  deposits  increases  in 
proportion  as  the  roasted  raw  matt  diminishes ;  this  is  the 
reverse  of  what  takes  place  in  the  raw  smelting.  A  larger 
addition  of.  roasted  matt  again  dissolves  the  iron  deposits 
formed,  and  for  the  following  reason : — One  part  of  carbon 
only  possesses  a  definite  smelting  and  reducing  readlion  by 
which  the  iron  deposits  are  formed ;  if  more  sulphuretted 
raw  matt  is  used,  its  metallic  sulphides  will  remain  undecom- 
posed,  and  the  sulphur  it  contains  has  a  solvent  a(5tion  upon 
deposits  which  have  been  already  formed.  At  the  same  time, 
slags  difficult  to  fuse,  and  containing  peroxide  of  iron,  are 
formed,  from  which  matt  separates  with  difficulty.  For  this 
reason  a  small  deposit  of  iron  on  the  hearth  is  found  advan- 
tageous. The  slags  contain  i  or  J  oz.  and  more  of  silver, 
depending  on  the  more  or  less  formation  of  iron  deposits 
(page  118), 

Theprodu<5ls  of  this  process  are : — Slags,  which  are  used  for 
the  raw  process ;  Smoke,  containing  from  5  to  8  ozs.  of  silver; 
and  Matt,  containing  i^  to  2  lbs.  of  silver.  This  is  used  in 
the  subsequent  process.  In  1859,  270  tons,  4  cwts,  of  raw 
matt  were  smelted  after  roasting  with  300  tons  of  rich  schlich 
and  some  slags  in  56  days,  or  11  tons,  3  cwts.  of  mixture 
in  24  hours ;  175  lbs.  of  the  mixture  consumed  3*5  cwts  of 
coal. 

b.  t)esilverising  the  Lead  Matt. — ^This  matt  is  smelted 
with  the  metallic  soot  from  the  last  process  in  a  low  cupola 
furnace,  and  fused  with  cupriferous  raw  lead  containing  ij- 
or  2  lbs.  of  silver,  so  as  to  increase  the  amount  of  silver  in  the 
lead  to  4^  or  5  lbs.,  while  the  silver  in  the  matt  decreases 
to  12^  ozs.  The  copper  contained  in  the  raw  lead  extracts 
silver  from  the  matt,  and  the  resulting  matt  is  poorer  in 
silver  and  richer  in  copper.  A  matt  from  this  operation  was 
found  to  contain — 
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Fc 49'40i        Ni        .....      0'493 

Cu 13*572        Co        0-295 

Pb 6760        As  and  Sb     .     .     .      1714 

Zn 0-459        S  23-442 

Ag o-88o 

By  the  processes  a  and  b  were  produced  from  the  above 
stated  quantity  of  matt,  50  tons,  15  cwts.  of  desilverised  lead 
matt  containing  888  lbs.  of  silver ;  13  tons,  16  cwts.  of  raw 
lead  containing  3,592^  lbs.  of  silver  for  the  cupelling  pro- 
cess ;  14  tons,  3  cwts.  of  raw  lead  for  the  fusion  process ;  also 
19  tons,  17  cwts.  of  smoke,  and  473  tons,  14  cwts.  of  slags. 
I  lb.  of  silver  causes  an  average  loss  of  2-4  lbs.  of  lead. 

c.  Fusion  of  the  Desilverised  Lead  Matt  with  Lead. — 
The  matt  is  roasted  two  or  three  times,  and  smelted  in  a  cupola 
furnace  together  with  metallic  fume  from  process  a,  and 
with  ore  dust  from  the  walls  of  the  mounds ;  it  is  then  fused 
with  poor  cupriferous  raw  lead,  by  which  process  the  amount 
of  silver  in  the  latter  is  increased  to  9  or  10  lbs.  Smoke  con- 
taining 5  or  6  ozs.  of  silver,  and  copper  matt  containing 
40  per  cent  of  copper  and  i^  or  2  lbs.  of  silver,  are  also  pro- 
duced. 

d.  Desilverising  the  Copper  Matt. — This  matt  is  smelted 
several  times  in  a  low  cupola  furnace  with  poor  raw  lead, 
and  then  fused  with  pure  English  lead,  which  becomes  gradu- 
ally enriched  by  these  processes  till  it  is  fit  for  the  cupelling 
process.  The  copper  matt  is  desilverised  to  J  oz.  or  even 
less,  whilst  the  raw  lead  contains  at  each  smelting  with 
litharge,  five  times  as  much  silver  as  it  contained  when  in 
the  matt,  and  if  pure  lead  is  present  in  the  hearth,  three 
times  as  much.  Desilverised  copper  matt  has  the  following 
composition : — 

Fe 22-817        Co       0-388 

Cu 38'ii7        As  and  Sb     .    .     .      1*312 

Pb "'548        S  22-561 

Ni 0-830 

The  copper  matt  after  having  been  roasted  10  or  12  times 
is  smelted  for  the  production  of  black  copper,  which  is  refined 
in  a  reverberatory  furnace. 

All  the  different  processes  are  carried  on  by  hot  blast,  and 
they  cause  a  total  loss  of  1*5  to  1*75  lbs.  of  lead  for  each 
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0*5  lb.  of  fine  silver  produced.  Besides  this/o*5  to  i'  per 
cent  of  copper  is  obtained.  In  the  years  1857-58  the  annual 
produdlion  of  silver  exceeded  15,000  lbs. ;  this  production 
was  later  reduced  to  10,000  or  12,500  lbs.,  and  will  probably 
continue  to  decrease. 

Desilverising  the  Matt  by  means  of   Lead  Ores  and 

Produdls. 

These  processes  are  intended  for  smelting  argentiferous 
matt,  and  sometimes  also  rich  silver  ores,  together  with  sub- 
stances containing  lead,  in  order  to  collecSl  the  silver  in  the 
reduced  lead,  and  to  concentrate  in  the  matt  the  copper 
which  is  present  in  the  mixture.  The  matt  requires  repeated 
fusions  with  lead  to  efife(5t  a  sufficient  desilverising. 

Illustrations  of  the  Process. 

At  the  smelting  works  at  Lower  Hungary  the  matts 
resulting  from  the  raw  smelting  (page  42)  are  submitted  to 
the  following  processes : — 

a.  Fusion  for  the  Produ<5lion  of  Rich  Lead. — 5  tons, 
consisting  of  30  or  40  per  cent  of  Dttrr  ores  (page  143),  con- 
taining 0*14  lb.  of  auriferous  silver,  and  from  10  to  20  per 
cent  of  silver  ores  roasted  with  plumbiferous  residues  contain- 
ing 0*14  lb.  or  more  of  silver,  and  from  40  to  60  per  cent 
of  roasted  lead  ores,  were  mixed  with  1^  to  2  tons  of  raw 
matt  which  had  been  4  or  5  times  roasted,  15  to  20  cwts.  of 
products  of  the  cupelling  process,  some  dross,  smoke,  and  basic 
slags,  and  occasionally  with  from  i  to  4  per  cent  of  limestbne. 
The  ore  mixtures  contain  from  0*15  to  0*245  ^b*  ^^  auriferous 
silver  and  from  15  to  25  lbs.  of  lead.  The  smelting  is  con- 
duced in  cupola  furnaces  j8  feet  high ;  a  total  mixture  of 
from  13  to  18  tons,  containing  from  7  to  10  tons  of  ore  and 
schlich,  are  smelted  weekly,  consuming  about  1,000  cubic 
feet  of  soft  coal.  The  lead  absorbs  85  to  95  per  cent  of  the 
silver,  and  95  to  99  per  cent  of  the  gold  contained  in  the 
total  mixture. 

The  produdts  are  from  88  to  92  per  cent  (calculated  for 
the  total  mixture)  of  rich  lead,  containing  07  or  o*8  lb.  of 
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auriferous  silver ;  from  6  to  12  per  cent  (calculated  for  ore 
and  schlich)  of  rich  matt,  containing  O'li  oro'i6  lb.  of  auri- 
ferous silver ;  from  6  to  12  lbs.  of  lead,  and  from  i  J  to  5  lbs, 
of  copper ;  slags,  containing  o'ooi  or  0'002  lb.  of  auriferous 
silver,  and  :^  to  i  lb.  of  lead  residues  and  smoke. 

b.  Rich  Lead  Smelting  of  the  Matt.— The  matt,  after 
being  roasted  two  or  three  times,  is  mixed  with  from  10  to  20 
per  cent  of  siliceous  ores  poor  in  silver  and  gold,  with  a  little 
lead  slag  and  the  products  from  the  cupelling  process,  and 
smelted  in  cupola  furnaces,  producing  from  88  to  95  per  cent 
of  lead  containing  0*35  or  0*45  lb.  of  silver ;  20  or  30  per 
cent  of  matt  containing  from  o'o6  to  o'l  lb.  of  silver,  8  or 
10  lbs.  lead,  and  from  8  to  16  lbs.  of  copper ;  furnace  ends ; 
and  slags  containing  0*0005  to  o'poi  Ibt  of  silver,  and  J  to 
^  lb.  of  lead. 

c.  Treatment  of  the  Matt  Produced  in  the  Last  Process. 
— This  is  roasted  from  two  to  four  times,  according  to  its 
amount  of  copper,  and  again  smelted  in  order  to  concentrate  its 
copper,  and  to  partly  extraft  its  lead.  The  result  is  from  40  to 
60  per  cent  of  lead,  containing  from  I'O  to  1*5  lbs.  of  silver, 
from  20  to  25  per  cent  of  matt,  with  from  0*15  to  0*26  lb. 
of  Ag,  from  40  to  45  lbs.  of  Cu,  and  from  5  to  8  lbs.   of  Pb. 

At  Lend  (Salzburg),  matt  containing  0*26  lb.  of  auri- 
ferous silver  (page  229)  is  roasted  2  or  3  times,  and  mixed 
with  sufficient  lead  produfts  for  the  mixture  to  contain  from 
100  to  120  lbs.  of  lead  for  each  lb.  of  silver.  The  furnace  in 
use  is  similar  to  that  described  on  page  229.  Prom  ii|^ 
to  I2j^  tons  of  mixture  are  smelted  in  24  hours,  and  75  per 
cent  of  auriferous  silver  enters  into  combination  with  lead,  in 
the  proportion  of  90  per  cent  of  gold  to  73  per  cent  of  silver. 
A  slag  of  the  following  composition  is  formed  in  order  to 
lessen  the  scorification  of  lead  : — 

Si03  .........  2745 

FeO  56-52 

CaO 10-19 

MgO 3-48 

AlA 1-25 

The  resulting  matt  is  again  desilverised  by  a  larger  quantity 
of  lead. 
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In  the  years  1859-62, 81*825  per  cent  was  produced  of  the 
noble  metals  under  treatment,  and  i8"i75  per  cent  remained 
in  the  smelting  produfts ;  the  loss  of  lead  amounted  to  8*275 
per  cent. 

At  Freiberg  the  roasted  slag  raw  matt  (page  138)  is 
smelted  together  with  roasted  lead  ores  and  fluxes,  as  stated 
on  page  127.  The  results  of  the  different  smelting  processes 
at  Freiberg  during  the  year  lately  past  are  given  on  the  fol- 
lowing pages. 

A  difference  is  made  between  rich  and  poor  lead  smelting ; 
the  rich  Diirr  ores  are  worked  by  the  former  process  in  a  raw 
state,  causing  the  resulting  raw  lead  to  contain  as  much  as 
2  per  cent  of  silver,  which  is  treated  diredlly  by  the  cupelling 
process. 

The  following  S3mopsis  of  operations  at  the  smelting  works 
at  Halsbriicke  and  at  Mulden  may  be  of  value : — 

a.  Ore  Smelting. — ^The  ore  mixture  consisted  of — 

At  HalsbrOcke,  At  Mulden. 

24*17  per  cent  lead  ores.  33*54  P^r  cent  lead  ores. 

58*44       ti        galena.  51*61       „        galena. 

Z9'39       »        Diirr  and  copper  ores.  14*85       „        Dtirr  and  copper  ores. 

And  contained  on  an  average — 

0*1398  lb.  silver.  0*1561  lb.  silver. 

36*28      „    lead.  33*29      „    lead. 

For  every  5  tons  of  the  ore  mixture  were  added — 

48*75  cwts.  matt.  44*40  cwts.  matt. 

0*82  „  lime.  —  „  lime. 

0*49  I,  limestone.  —  ,,  limestone. 

0*39  „  fluor  spar.  —  „  fluor  spar. 

0*12  „  loamy  substances.  —  „  loamy  substances. 

2*24  t,  iron  cinders.  0*33  „  iron  cinders. 

o'99  If  coal  slags.  4*25  „  coal  slags. 

5  tons  of  ore  mixture  and  raw  matt  required  for  roast- 
ing— 

5*4     cubic  feet  wood.  o*86    cubic  feet  wood. 

18*48    cwts.  slate  coal.  18*15    cwts.  slate  coal. 

—  o'i6      „      coke. 

—  103        cubic  feet  non-caking  coal. 
0*002  basket  wood  chips.  0*004  basket  wood  chips. 

The  roasting  cost  for  i  cwt.  of  ore  mixture  and  raw  matt 
were — 

i*843d.  for  fuel.  2*oo4d.  for  fuel. 

i-365d.   „   labour.  i*297d.   „   labour. 
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In  24  hours  were  smelted^ —    . 

At  HaUhrOcki.  At  Mulden. 

49*28  cwts.  ore  mixture.  49*45  cwta.  ore  mixture. 

34*02    H     raw  matt.  21*95    „     raw  matt. 

For  smelting  5  tons  of  ore  mixture  were  required — 

43*39  cwts.  coke.  43*67  cwts.  coke. 

0*15  basket  charcoal.  0*04  basket  charcoal. 

—  „      turf.  o*o2      „      turf. 

The  smelting  cost  for  i  cwt.  of  ore  mixture  amounted  to — 

7'22id.  for  fuel.  7'262d.  for  fuel. 

3«i58d.  „  labour.  3'i75<l-  it  labour. 

5  tons  of  mixture  of  ores,  matt>  and  intermediate  products 
yielded — 

21*19  cwts,  lead —  "    20*75  cwts.  lead — 

containing  0*5481  lb.  silver.  containing  0*5709  lb.  silver. 

2*77  cwts.  matt —  1*79  cwt.  matt — 

containing  0*2411  lb.  silver.  containing    0*26  lb.  silver. 

fi  30*44      ♦•  lead-  »»  17*47 .»    le«d* 

„  9*53      „  copper.  „  15*04..    copper. 

The  total  mixture  produced — 

75*67  per  cent  lead  slags.  73*74  per  cent  lead  slags. 

The  total  cost  for  i  cwt.  of  ore  mixture  amounted  to— 

IS.  4d.  IS.  3*5d. 
Namely   o'25od.  for  fluxes. 

xo*279d.  „  fuel.  Namely  zo*x6zd.  for  fuel. 

5*378d.   „  labour.  5*044d.  „  labour. 

o'i38d.   „  ore  dressing  o*38xd.  „  ore  dressing 

and  blast.  and  blast. 

b.  Lead  Slag  Raw  Smelting. — 5  tons  of  lead  slags  were 
melted  together  with — 

92*56  cwts.  ores  and  flux  ores.  70*07  cwts.  ores  and  flux  ores. 

Namely  27*30  cwts.  raw.  Namely  28*10  cwts.  raw. 

63*78     i>     roasted.  29*85     „     roasted. 

1*48     „      burned.  12*12     „      burned. 

5  tons  of  ores  and  fluxes  required  for  roasting  and  burning — 

22*50   cwts.  slate  coal.  17*66   cwts.  slate  coal. 
0*91       „     coke.  —        „     coke. 

5*35       tt     iron  cinders.  1*15       „     Iron  cinders. 

0*324  cubic  feet  wood.  0*756  cubic  feet  wood. 

—  „        wood  chips.  o'xoS  „        wood  chips. 

The  cost  for  i  cwt.  of  ores  and  fluxes  amounted  to — 

2'49od.  for  fuel.  X'905d.  for  fuel. 

1*59  <1«   »*  labour.  0'993d.  „  labour. 

In  24  hours  were  smelted — 

104*50  cwts.  ores  and  fluxes.  98*56  cwts.  ores  and  fluxes. 

121 '94  cubic  feet  slags.  138*02  cubic  feet. 

Five    tons    of    ores,    fluxes,    and    slags    required    for 
smelting — 

47*95  cwts.  slate  coal.  48*64  cwts.  slate  coal. 

—  „      cinders.  3*08  cubic  feet  of  cinders. 
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Smelting  cost  per  i  cwt.  of  mixture — 

At  HaUbrilcke.  At  Mulden, 

4722d.  for  fuel.  5'Oo8d.  for  fuel. 

i.i34d.  „  labour.  i*046d.  „  labour. 

From  5  tons  mixture  were  produced — 

25-40  cwts.  matt —  24-08  cwts.  matt — 

containing  0*13  lbs.  silver.  containing  0*12  lbs.  silver, 

n          653    »t   lead.  „          5        „   lead. 

„          1-65    „   copper.  „          2        n   copper. 

From  5  tons  mixture  were  produced  and  thrown  aside — 

74*59  cwts.  slags.  75*92  cwts.  slags. 

The  ore  and  slag-smelting  for  i  cwt.  of  the  used  ores  and 
fluxes  cost — 

O'ogSd.  for  fluxes.  —        for  fluxes. 

1 1 '013d.   „   fuel.  ii*545d.  „   fuel. 

4-389d.   „  labour.  4'202d.  „  labour. 

o'oSgd.  „  dressing  and  blast.  o*2i2d.  „  dressing  and  blast. 

IS.  3*499d«  i».  3*9S9<i- 

Of  the  silver  contained  in  the  ore  mixture  there  were 
obtained — 

83*25  per  cent  from  the  raw  lead.  84*72  per  cent  from  the  raw  lead. 

4*79  per  cent  from  the  matt  of  the  2*57  per  cent  from  the  matt  of  the 

ore  smelting.  ore  smelting. 

11*66  per  cent  from  the  matt  of  the  13*01  per  cent  from  the  matt  of  the 

reverberatory  smelting.  smelting  in  reverb,  furnace. 

0*26  per  cent  from  the  smoke  and  0*48  per  cent  from  the  smoke  and 

fumau:e  ends.  furnace  ends. 

Of  the  lead  colledled  were  obtained — 

81 '80  per  cent  from  the  raw  lead.  86*10  per  cent  from  the  raw  matt. 

3*28  per  cent  from  the  matt  of  the  1*31  per  cent  from  the  matt  of  the 

ore  smelting.  ore  smelting. 

9*02  per  cent  from  the  matt  of  the  6' 29  per  cent  from  the  matt  of  the 

reverberatory  furnace.  reverberatory  furnace. 

0*39  per  cent  from  the  smoke  and  x'29  per  cent  from  the  smoke  and 

furnace  ends.  frimace  ends. 

c.    Matt  Smelting. 
Five  tons  of  matt  required  for  burning — 

14*04  cubic  feet  wood.  Z4*04  cubic  feet  wood. 

1*32  cwts.  slate  coal.  1*32  cwts.  slate  coal. 

Five  tons  of  matt,  ore,  and  furnace  ends  required  for 
roasting — 

20*56  cwts.  slate  coal.  23*06  cwts.  slate  coal. 

—      „      cinders.  22         „      cinders. 

The  cost  of  roasting  i  cwt.  of  matt,  ores,  and  furnace 
ends  was — 

2*353d.  for  fiiel.  3*o87d.  for  fuel. 

i*785d.  „  labour.  1-92 id.   „   labour. 
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To  5  tons  of  matt,  at  the  smelting  and  concentration,  were 
added — 

At  HalsbriUki.  At  Mulden, 

7-99  cwt8.  orea  and  flaxes.  tS'^i  cwt8.  orea  and  fluxes. 

0*36    „     residues.  —      tt     residues. 

The  mixture  contained,  on  an  average — 

0-2324  lb.  silver.  0-1537  lb.  silver. 

20-90.     „    lead.  1708      „    lead. 

12-49       tf    copper.  12*87      »»    copper. 

Five  tons  of  matt,  ores,  and  fluxes  were  mixed  at  the 
matt  smelting  and  concentrating  with — 

3*02  cwts.  hearth  ends. 

8*39    M     litharge. 

24*64    „     slaes  of  the  litharge  re-  20*02  cwts.  slags  of  the  litharge  re- 
ducing process.  ducing  process. 

7-14    „     concentration  slags.  5*08    „     concentration  slags. 

3-01    „     fluorspar.  4-55    „     fluorspar. 

^  1*25    „     sulphate  of  baryta.  5*43    „     sulphate  of  baryta. 

In  24  hours,  of  matt,  ore,  and  furnace  ends  there  were 
smelted  and  concentrated — 
61*21  cwto.  59*03  cwts. 

Five  tons  of  matt  consumed  in  the  smelting  process — 

15  cwts.  slate  coal, 
o-i  basket  charcoal.  o-i  basket  charcoal. 

44*0  cwts.  coke.  58  cwts.  coke. 

o'02  basket  turf. 

The  smelting  cost  for  i  cwt.  amounted  to — 

o*28od.  for  fluxes.  o-668d.  for  fluxes. 

7-448d.   „    fuel.  "•373<I-   *i  fuel, 

2'469d.  „    labour.  2-785d.  „  labour. 

The  matt  smelting  process  yielded,  for  5  tons  of  matt, 
ore,  and  furnace  ends — 

15*22  cwts.  copper  matt — 
containing  0-2544 1^"*  silver. 
45-01  lbs.  copper. 
26-93  cwts.  copper  matt.  45*41  cwts.  copper  matt, 

containing   0-245  lb.  silver.  containing   0*2146  lb.  silver. 

„  15*        *f    lead.  „  12-92      „  lead, 

n  31*        ti    copper.  „  38-30      „  copper. 

3-96  cwts.  plumbiferous  copper.  12*80  cwts.  plumbiferous  copper. 

23*76  lbs.  concentrated  matt.  10-20  lbs.  concentrated  matt, 

containing   0*24  lb.  silver.  containing   0*20  lb.  silver. 

M         50       II  copper.  „         54       „  copper. 

26*26  cwts.  raw  lead.  13*35  cwts.  raw  lead, 

containing  0*4875  lb.  silver.  containing   0-5933  ^^'  silver. 

0-40  cwt.  speiss.  0*63  cwt.  speiss. 

containing    —   lb.  silver.  containing   0-40  lb.  silver. 

„  —    „   copper.  „  23*8     „  copper; 

„  27       „   nickel  and  »,  17-4     „  nickel  and 

cobalt.  cobalt. 

Five  tons  of  mixture  produced — 

60-83  cwts.  lead  matt  slags.  68-66  cwts.  lead  matt  slags. 
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d.  Copper  Matt  Concentration  Process. — The  matt 
for  concentrating  in  reverberatory  furnaces  contained  on  an 
average — 

At  HaUbrilcke,  At  Mulden. 

0*2509  lb.  silver.  0*1974  lb.  silver. 


47*04 


copper. 


4074 


copper. 


Five  tons  of  copper  matt  for  the  mixture  consisted  of — 

z4'o6  per  cent,  raw  matt.  41*26  per  cent,  raw  matt. 

85*94        M        roasted  matt.  58*74        ,1        roasted  matt. 

Five  tons  of  roasted  copper  matt  consumed — 

25*38  cwts.  slate  coal.  19*28  cwts.  slate  coal. 

23      cubic  feet  cinders. 

and  cost  per  cwt — 

2'554d.  for  fuel.  2*X48d.  for  fuel. 

i'732d.  „  labour.  z*038d.  1,  labour. 

Five  tons  of  matt  were  smelted  with — 


10*03  cwts.  ores. 

11*34     „     fluxes  (containing 

baryta). 
24*20     „    sulphate  of  baryta. 
i8'79     It    concentration  slags. 
—      „    baryta  slags. 

In  24  hours  were  smelted — 

iiz'58  cwts.  copper  matt. 
26*19    „      ores  and  fluxes. 
27*00    „     sulphate  of  baryta. 
20*96    „      slags. 


3375  cwts.  ores. 

Z4'58    tt     fluxes  (containing 

baryta). 
z6'03    „      sulphate  of  baryta. 
31-34    „      concentration  slags. 
16*03    f»     baryta  slags. 


73*62  cwts.  copper  matt. 
35*82     „     ores  and  fluxes. 
11*89     „     sulphate  of  baryta. 
35*13     „     slags. 


One  cwt.  of   copper  matt    consumed  in  the    smelting 
process — 

0*91  cwt.  slate  coal.  1*13  cwt.  slate  coal. 

The  smelting  cost  per  i  cwt.  of  copper  matt  was — 

i'364d.  for  fluxes.  o*489d.  for  fluxes. 

9*245d.  „  fuel.  iz*88id.  „   fuel. 

2*X48d.  „   labour.  3*207d.  „  labour. 

From  5  tons  of  matt  were  produced — 

97*38  cwts.  matt. 


64*71  cwts.  matt. 
Namely  59*16  cwts.  concentra- 
tion matt, 
containing   0*40  lb.  silver. 

„         70       ti  copper. 
5*5  cwts.  copper  matt, 
containing   0*22  lb.  silver. 
13        .»  copper. 
1*23  cwt.  plumbiferous  copper, 
containing   0*90  lb.  silver. 
44  ..  copper. 


Namely  90*60  cwts.  concentra- 
tion matt, 
containing   0*2745  lb.  silver. 
69*24      ..  copper. 
6*78  cwts.  copper  matt, 
containing   0*23  lb.  silver. 
„  20       M  copper. 

0*58  cwt.  speiss. 
containing   0*40  lb.  silver. 
238     „  copper. 
„  17*4     H  nickel  and 

cobalt. 


R  2 
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The  mixture  produced^  of  slags  which  were  thrown  aside — 

A  t  HaUbrUcke.  At  Mulden. 

60*36  per  cent.  63*39  P^  cent. 

The  total  smelting  cost  per  i  cwt.  of  matt  was — 

4*4o8d.  for  ores  and  flux  ores.  5'39od.  for  ores  and  flux  ores. 

i*364d.  „   fluxes.  o*489d.  „  fluxes. 

II '443d.  „   fuel.  13*  143d.  »,  liiel. 
3'637d.  „  labour.  S'Szyd.  „  labour. 

i'435d.  „  dressing.  o*646d.  „  dressing. 

IS.  io*386d.  IS.  xi*484d. 

e.  Smelting  of  the  Slags  obtained  by  Concentrating 
Lead  and  Copper  Matt. — Five  tons  of  slags  were  smelted 
together  with — 

73'0i  cwts.  ores  and  flux  ores.  123*35  cwts.  ores  and  flux  ores. 

Namely  17*45  cwts.  raw.  Namely  38*95  cwts.  raw. 

54*56      „    roasted.  78*38      „    roasted.    . 

—        „    burned.  16*03      „    burned. 

One  cwt.  of  ore  and  flux  ore  contained — 

0*0516  lb.  silver.  0*0494  lb.  silver. 

0-54       »f  copper.  o*95       „  copper. 

Cost  for  roasting  and  burning — 

3*853d.  for  fuel.  3*869d.  for  fuel. 

3*o83d.   „  labour.  z'394d*  n  labour. 

In  24  hours  were  smelted — 

123*63  cwts.  slags.  95*21  cwts.  slags. 

89*03    „      ores.  117*45    ft      ores. 

One  cwt.  of  mixture  required  for  smelting — 

0*48  cwt.  slate  coal.  0*51  cwt.  slate  coal. 

Costing  per  i  cwt. — 

4*83od.  for  fuel.  5'30od.  for  fuel. 

z*i6xd.  „  labour.  i*i3id.  „  labour. 

From  5  tons  of  mixture  were  produced — 

30*63  cwts.  matt —  Z9'47  cwts.  matt — 

containing  0*175  lbs.  silver.  containing  0*15  lbs.  silver. 

5          „  lead.  .,         5        „    lead. 

5          It  copper.  „         5         „    copper. 

Of  produced  slags  there  were  thrown  aside — 

79*37  per  cent.  80*33  per  cent. 

Total  cost  of  the  lead  matt  smelting,  copper  matt 
concentration,  and  the  slag  smelting  per  i  cwt.  of  matt, 
amounted  to — 

58.  8*363d.  IIS.  6'6d. 

The  total  cost  for  ore  and  flux  ores  amounted  to — 

3«.  a*595<i-  78-  A'^Z^- 
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The  metals,  at  the  lead  matt  smelting,  copper  matt 
concentration  process,  and  the  slag  smelting  process, 
were  contained  in  the  mixture  as  follows  : — 

At  HaUhriUke,  At  Mulden. 

Silver  : 
6375  per  cent  in  intermediate  84*11  per  cent  in  intermediate 

produ^s.  produds. 

36-25       „        m  ore  and  lead  ore.  15*89       „        m  ore  and  lead  ore. 

Lead : 
zoo  per  cent  in  intermediate  zoo  per  cent  in  intermediate 

produfts.  produds. 

Copper  : 
73*84  per  cent  in  intermediate  93'32  per  cent  in  intermediate 

produds.  produds. 

26' z6       „        in  ores  and  flux  ores.  6*68       „        m  ores  and  flux  ores. 

Desilverising  Matt   by  Lead  Produdts  and  Copper. 

The  processes  for  this  operation  consist  of  smelting  argen- 
tiferous copper  matt  with  argentiferous  black  copper  and  lead 
products.  The  copper  matt  may  be  produced  either  from 
real  copper  ores  by  raw  smelting,  or  by  a  repeated  desilver- 
ising of  cupriferous  silver  ores  by  means  of  lead.  In  these 
processes  the  liberated  lead  and  the  copper  will  together 
decompose  the  sulphide  of  silver  contained  in  the  matt.  The 
extrafted  silver  enters  into  combination  with  lead,  and  there 
result  a  matt  richer  in  copper  and  poorer  in  silver,  and  a 
raw  lead  richer  in  silver.  The  copper  also  partly  decomposes 
the  sulphide  of  lead  contained  in  the  matt.*  When  the  black 
copper  contains  silver  it  is  likewise  extra(5ted  by  the  lead. 
When  too  much  copper  is  added  the  whole  will  not  enter 
into  the  matt,  but  part  will  combine  with  the  lead ;  and 
if  lead  is  not  added  in  excess  to  the  sulphide  of  silver,  the 
copper  will  alloy  with  the  silver,  and  also  form  argentiferous 
copper  matt. 

If  all  the  circumstances  are  suitable,  these  processes  will 
effedt  a  more  perfedt  extra<5tion  of  the  silver,  and  a  produ(5tion 
of  purer  black  copper  than  is  possible  by  a  simple  liquation 
of  black  copper ;  but  they  are  amongst  the  most  complicated 
of  metallurgical  operations.  The  desilverised  refined  copper 
always  retains  a  considerable  amount  of  silver ;  for  instance, 
copper  of  5  ozs.  retains  about  J  oz.  of  silver,  equal  to  lo  per 

*  Karstbn's  Metallurgie,  v.,  476.  Erdmann's  Journal  fur  pr.  Chem.,  ii.,  133. 
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cent  of  the  whole  silver  originally  present,  and  there  is  also 
a  considerable  loss  of  lead  and  copper.  On  account  of  their 
disadvantages  these  processes  are  sometimes  replaced  by  a 
process  in  the  wet  way  (treatment  of  copper  by  sulphuric 
acid). 

Smelting  with  Black  Copper. — ^This  process  was  intro- 
duced into  Upper  Hungary,  Nagybanya,  by  Schweitzer,  in 
1832,  for  the  working  of  real  auriferous  silver  ores,  of  argenti- 
ferous and  auriferous  pyrites,  of  argentiferous  copper  ores,  and 
lead  products  containing  a  variable  amount  of  gold  and  silver. 
Whether  the  application  of  this  process  is  advantageous  or 
not  depends  on  the  proportion  of  the  matt  to  the  black  copper 
resulting  from  the  smelting.  If  matt  is  present  in  excess, 
the  extra(Slion  of  the  silver  will  be  too  incomplete;  a  deficiency 
of  matt,  on  the  other  hand,  will  cause  the  copper  to  combine 
with  the  raw  lead. 

Abdarr  Process. — This  is  a  liquation  process  combined 
with  raw  smelting  and  fusion  with  lead.  It  allows  a  more 
perfe(5t  extra(5tion  of  the  silver,  causes  less  loss  of  copper, 
and  the  refined  copper  produced  is  of  a  better  quality  than 
that  resulting  from  the  common  liquation  process.  It  re- 
,  sembles  the  copper  liquation  process  in  treating  argentiferous 
matt  with  lead  produ(5ls  and  black  copper. 

This  process  is  the  most  complicated  of  all  metallurgical 
processes,  and  is  only  applicable  to  argentiferous  copper  ores, 
and  not  to  cupriferous  silver  ores,  which  do  not  contain  suffi- 
cient copper  to  colledt  the  silver.  The  process  is  in  use  at 
Szalathna,  in  Siebenbiirgen,  and  at  Brixlegg,*  in  Tyrol,  for 
the  working  of  copper  ores  associated  with  baiyta,  quartz, 
and  calc  spar. 

3.  Lead  Process  with  Argentiferous  Speiss  (Regulus). 

Argentiferous  speiss  resulting  from  lead,  silver,  and  copper 
smelting  processes,  is  desilverised  by  a  fusion  with  lead,  by 
amalgamation  in  the  wet  way,  or  by  a  treatment  with  solu- 
tion of  common  salt  or  diluted  sulphuric  acid. 

At  Freibergt  lead  and  cupriferous  speiss,  resulting  from 

*  Oesterr.  Ztschr.,  1853,  p.  221. 

f  Plattner  and  Richter's  Vorlesungen,  ii.,  352.  B.  u.  h.  Ztg.,  1864,  p.  59. 


Digitized  by  VjOOQIC 


DESILVERISING   BLACK  COPPER.  247 

the  different  smeltings  of  lead  ore,  lead  and  copper  matts,  as 
well  as  from  the  concentration  processes  of  lead  and  copper 
matt,  containing  o'4  to  0*5  per  cent  of  silver  and  2'5  per  cent 
of  nickel  and  cobalt,  is  roasted  and  smelted  together  with  50 
per  cent  of  lead  hearth  ends,  150  per  cent  of  baryta  slags 
from  the  copper  matt  concentration  (see  Copper),  and  10  per 
cent  of  sulphate  of  baryta,  for  the  produ(5tion  of  raw  lead, 
copper  matt,  and  speiss  poor  in  silver,  and  containing  12  or 
13  per  cent  of  nickel  and  cobalt.  The  speiss  is  then  without 
any  re-roasting  desilverised  2  or  3  times  by  a  treatment  with 
lead  produ(Sls,  slag  from  the  cupelling  process,  and  10  per 
cent  of  sulphate  of  baryta,  till  at  last  a  speiss  results  con- 
taining 0*03  lb.  of  silver,  from  15  to  18  per  cent  of  copper, 
and  from  15  to  18  per  cent  of  nickel.  This  speiss  is  further 
concentrated  in  a  reverberatory  furnace  (see  Nickel) ;  efforts 
were  made  to  desilverise  the  speiss  after  calcination  in  a 
reverberatory  furnace  by  fusing  and  stirring  it  with  i  J  times 
its  weight  of  lead,  when  there  resulted  raw  lead  containing 
0*02  lb.  of  silver,  copper  matt,  and  a  speiss  containing  matt 
and  o'02  lb.  of  silver. 

4.  Lead  Process  with  Argentiferous  Black  Copper. 

In  this  process  the  two  following  cases  must  be  taken  into 
consideration : — 

a.  Copper  Rich  in  Silver  may  be  cupelled  diredtly  with 
16  times  the  quantity  of  lead,  but,  according  to  Wehrle,* 
causing  a  loss  of  12  per  cent  of  lead  and  i  per  cent  of  silver, 
and  therefore  this  mode  is  only  applicable  to  copper  rich  in 
silver  and  in  gold  ;  it  is  also  advisable  to  add  the  copper, 
in  quantities  not  exceeding  6  per  cent,  to  rich  lead  when 
cupelling  it.  The  resulting  litharge  rich  in  copper,  must 
be  reduced,  if  possible,  together  with  other  argentiferous 
and  cupriferous  residues,  and  the  resulting  alloy  liquated. 
This  process  is  seldom  used. 

b.  Black  Copper  poor  in  Silver  is  submitted  to  the 
liquation  process.  If  such  a  copper  is  smelted  together 
with  lead  in  a  certain  proportion,  a  mixture  is  formed  after 

•  Oester.  Ztschr.,  1857,  p.  aSx. 
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the  cooling  of  the  alloy,  consisting  of  argentiferous  lead, 
and  a  combination  of  about  one  part  of  lead  and  three  parts 
of  copper.  Upon  heating  this  alloy  to  the  melting  point  of 
lead,  the  argentiferous  lead  flows  out,  and  the  less  easily 
fusible  alloy  of  lead  and  copper  remains. 

This  process  causes  great  loss  of  metal,  and  a  large  con- 
sumption of  fuel  and  labour ;  and  the  desilverising  is  imper- 
fedt,  and  requires  a  number  of  operations  to  regain  part  of 
the  valuable  metals  which  remain  in  the  intermediate  pro- 
du(5ts,  thus  rendering  the  completion  of  the  process  difiicult. 

According  to  Wehrle,  the  loss  of  silver  in  this  process 
averages  about  21  per  cent.  The  process  is  abandoned  in 
many  places  on  account  of  these  faults,  and  is  replaced 
by  processes  conducted  in  the  wet  way,  except  in  those 
localities  where  the  ores  are  more  impure,  containing  chiefly 
lead,  antimony,  and  arsenic,  which  render  the  processes  in  | 

the  wet  way  inapplicable ;  these  ores  may  be  purified  by  I 

employing  a  good  deal  of  lead,  thus  producing  a  middling  | 

copper.     But  the  processes  by  the  wet  way  also  have  of  late  1 

been  used  for  the  working  of  more  impure  ores  and  their  1 

produfts  (Freiberg,  Oker,  Altenau). 

According  to  Karsten,*  the  cost  of  liquation  per  cwt.  of 
black  copper  amounts  to  from  4  to  5  ozs.  of  silver,  and,  con- 
sequently, copper  with  less  silver  is  unfit  for  this  process ; 
the  limit  in  the  Upper  Hartz  t  is  from  2J  to  2 J  ozs.  of  silver, 
but  it  is  somewhat  modified  according  to  the  price  of 
lead. 

When  the  copper  contains  too  much  silver,  the  cost  of 
liquation  is  also  raised,  as  the  process  must  then  be  re- 
peated several  times  in  order  to  extradt  the  silver  as  much  as 
possible. 

The  different  manipulations  of  this  process  are  as  fol- 
lows : — 

Reducing  the  Black  Copper  into  Small  Fragments. — 

This  may  be  effefted  either  by  breaking  up  the  copper  after 
heating  it,  by  means  of  crushing  mills,  or  by  heavy  hammers, 

•  Karstbn's  Archiv.f  i  R.,  ix.,  3.    Karsten's  Metallurgie,  v.,  415, 421. 
t  Kerl,  Oberharzer  HUttenprocesse,  i860,  p,  523. 
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or  by  melting  it  in  a  reverberatory  furnace,  and  running  it 
into  moving  water. 

Alloying  the  Black  Copper  with  Lead. — According  to 
Karsten  the  lead  and  copper  in  the  alloy  from  which  the 
argentiferous  lead  is  extracted,  should  be  in  the  proportion 
of  II  of  lead  to  3  of  copper,  and  Karsten  also  states  that  at 
least  15  or  16  lbs.  of  lead  are  required  for  each  i^-  oz. 
of  silver  contained  in  the  metallic  mixture ;  but  these  pro- 
portions are  only  approximate.  In  the  Hart2,  the  experience 
of  many  years  has  proved  that  100  parts  of  black  copper, 
with  from  i^  to  2^  ozs.  of  silver,  are  best  fused  with  from 
200  to  250  parts  of  lead. 

If  black  copper  is  so  poor  in  silver  that,  by  fusing  it  with 
lead  in  the  proportion  of  11  to  3,  the  raw  lead  resulting  from 
the  subsequent  liquation  process  does  not  contain  i^-  oz.  of 
silver  to  every  15  or  16  lbs.  of  lead,  this  poor  raw  lead  is 
frequently  employed  for  fusion  with  another  quantity  of 
black  copper,  which  then  causes  the  production  of  raw  lead, 
containing  the  stated  amount  of  silver. 

It  is  a  fadt  that,  when  smelting  argentiferous  black  copper 
with  lead  free  from  silver,  the  extraction  of  silver  is  more 
perfe<a  than  when  using  argentiferous  lead.  In  the  first 
case  lead  poor  in  silver  will  result,  but  also  black  copper 
more  perfeftly  desilverised,  as  the  lead  retained  in  the  latter 
is  poorer  in  silver;  a  choice  between  the  two  methods 
must  depend  on  whether  the  greater  yield  of  silver  in  the 
first  case  will  balance  the  greater  loss  of  lead  in  the  cupel- 
ling process. 

The  fusion  of  the  argentiferous  copper  with  the  proper 
amount  of  lead  is  done  in  a  low  cupola  furnace  about  5^  feet 
high,  and  construcSled  like  a  channel  furnace  with  open  eye. 
This  well-heated  furnace  is  charged  with  a  small  quantity  of 
lead,  and  afterwards  with  copper,  then  again  with  lead, 
and  so  on  alternately,  a  double  charge  being  always  allowed 
to  fuse  together  and  flow  out  before  a  second  double  charge 
has  time  to  fuse.  Great  care  and  skill  are  required  of  the 
smelter,  in  order  that  the  determined  proportions  of  lead 
and  copper  may  smelt  together  and  combine.  The  resulting 
alloy  falls  into  an  iron  mould  of  the  required  form,  which  is 
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that  of  a  disc  i8  inches  in  diameter,  and  3  to  3^  inches 
thick;  these  are  rapidly  cooled  by  throwing  upon  them 
water,  with  some  loam  mixed  with  it,  and  they  are  taken 
out  of  the  mould  by  means  of  a  hook  which  has  been  put 
in  them  before  solidifying. 

The  Liquation  Process. — ^As  before  stated  there  results 
from  the  smelting  of  argentiferous  black  copper  with  lead,  an 
alloy  of  copper,  lead,  and  silver,  homogeneous  when  in  a 
liquid  state,  but  if  this  alloy  is  suddenly  chilled,  which  may 
be  done  by  throwing  water  upon  it,  a  mechanical  mixture 
will  be  formed,  consisting  of  argentiferous  lead,  and  an  alloy 
containing  about  i  part  of  lead  and  3  parts  of  copper,  with 
more  silver  than  the  original  black  copper  contained.  The 
separation  is  chiefly  effefted  according  to  the  specific  gravity, 
and  therefore  the  argentiferous  lead  will  be  found  at  the 
bottom.  If  this  mixture  is  now  heated  in  a  suitable 
apparatus  to  the  melting  point  of  lead,  the  argentiferous 
lead  (raw  lead)  will  flow  out  from  the  disc,  and  the  copper 
alloy  (spongy  copper)  will  remain,  containing  about  3  parts 
of  Cu  and  i  part  of  Pb  (10  to  25  per  cent),  and  from  0*03  to 
o'i6  per  cent  of  silver. 

Fig.  66.  Fio.  67. 


^nE^^- 


FiG.  68. 
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Figs.  669  67,  and  68  show  the  furnace  employed  for 
liquation  in  one  of  the  principal  smelting  works  of  the 
Hartz.*  Fig.  68  shows  the  working  area  charged  with  the 
liquation  cakes  and  charcoal,  supported  by  sheets  of  wrought 
iron,  being  a  representation  of  the  process  in  action.  Fig. 
67  is  the  plan  across  the  line  p  o  of  Fig.  66. 

From  8  to  16  discs  are  usually  placed  in  the  liquation 
furnace.  The  operation  lasts  3  or  4  hours,  in  which  time 
about  i^  cwts.  of  charcoal  are  consumed.  The  cakes  are 
covered  with  burning  charcoal,  supported  as  before  stated 
by  the  iron  plates.  The  argentiferous  lead  flows  off  towards 
the  basin  in  front  of  the  furnace,  whence  it  is  ladled  out  into 
moulds  set  alongside  of  each  other  (su  Fig.  67).  It  is 
usually  added  to  the  process  of  cupelling. 

The  spongy  copper  is  submitted  to — 

The  Process  of  Sweating. — ^This  process  aims  at  the 
removal  of  a  still  greater  quantity  of  the  argentiferous  lead 
from  the  copper.  The  furnace  is  so  arranged  that  the 
spongy  copper  may  be  piled  beneath  an  arch,  like  that  of  a 
reverberatory  furnace,  and  above  several  long  apertures  as 
in  the  liquation  furnace.  Fig.  66.  By  this  arrangement  they 
receive  a  strong  heat,  and  at  the  same  time  a  brisk  current 
of  air  is  passed  over  them.  The  lead  coming  to  the  surface 
is  immediately  oxidised,  fuses,  and  falls  into  the  channels 
below,  while  the  unfused  copper  remains  in  its  place ;  it  is 
purified  upon  a  German  hearth  {vide  chapter.  Copper). 
The  oxidised  products  obtained  by  the  process  are  reduced 
in  a  cupola  furnace,  and  cupelled  for  the  silver  they  contain. 

BXTRACTION   OP  SILVER  PROM  RAW  LEAD. 

Up  to  the  year  1833  one  of  the  oldest  metallurgical  pro- 
cesses was  used  for  the  separation  of  silver  from  lead,  namely, 
the  cupelling  process,  an  oxidising  smelting,  oxidising  the 
lead,  and  removing  it  as  litharge  from  the  silver,  which  has 
very  little  aflBnity  to  oxygen.  The  litharge  is  then  submitted 
to  a  reducing  smelting  in  order  to  transform  it  into  lead.  As 
this  process  is  expensive  and  causes  great  loss  of  metal,  it  is 
only  profitable  when  the  raw  lead  does  not  contain  too  little 

*  Ure's  Didionary  of  Arts,  &c.,  i.,  p.  886. 
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silver ;  the  least  quantity  of  silver  admissible  depends  on 
local  circumstances,  chiefly  the  prices  of  material  and  labour. 
Lead  containing  o'o6  to  o'o8  of  silver  may  sometimes  be  em- 
ployed, but  as  a  general  rule,  less  than  o'i2  per  cent  is  not 
admissible* 

As  many  English  lead  ores*  contain  not  more  than  ©'03 
to  0*05  per  centt  of  silver,  Mr.  Hugh  Lee  Pattinson,t  of  New- 
castle, invented  a  method  by  which  the  silver  contained  in 
poor  leads  (0*009  P^^  cent)  might  be  so  far  concentrated  that 
a  sufiGiciently  rich  raw  lead,  and  also  marketable  lead  poor 
in  silver,  could  be  obtained.  This  process  is  the  most  valu- 
able addition  to  the  metallurgy  of  lead  and  silver  which  has 
been  introduced  during  the  present  century.  It  was  invented 
in  1829,  and  in  a  very  few  years  gave  new  life  to  the  lead 
and  silver  industry  of  the  country.  By  decreasing  the  cost 
of  separating  the  two  metals,  this  process  makes  it  possible 
to  obtain  an  annual  quantity  of  200,000  ounces  of  silver, 
which  was  formerly  thrown  away.  Even  in  1836  the  pro- 
cess was  brought  to  such  perfedlion  that  by  its  use  the  cost 
of  separating  silver  and  lead  was  decreased  to  one-third  the 
sum  required  to  treat  the  argentiferous  lead  by  the  old 
method  ;  so  that  lead  containing  but  8-ioo,oooth,  or  about 
3  ozs.  to  the  ton,  could  be  subjefted  to  it  with  profit,  while 
experiments  showed  that  much  commercial  lead  held  at  that 
period  five  times  this  amount  of  silver. 

According  to  Fallize,  ||  in  Belgian  works  in  which  Pattinson's 
process  is  used  it  pays  for  extra<5ling  the  silver  from  lead  if 
the  silver  only  amounts  to  0*02  lb.  in  i  cwt.  of  lead,  and 
if  the  cost  for  desilverising  does  not  exceed  £i  13s.  5d. 
per  ton.  In  England§  the  amount  of  silver  in  galena  is  only 
paid  for  when  the  galena  contains  83  per  cent  of  lead,  and 
more  than  5  ozs.  of  silver  per  ton. 

Pattinson's  process  has  come  into  general  use,  and  is  also 

•  B.  u.  h.  Ztg.,  1862,  p.  297,  412. 
f  I  ounce  per  ton  =  0'03  per  cent. 

t  Annales  des  Mines,  1836,  x.,  381.    Erdmann's  Journ.  f.  pr.  Ch.,  x.,  321. 
Dinoler's  Polyt.  Joum.,  Bd.  65,  p.  386. 
II  B.  u.  h.  Ztg.,  i860,  p.  359. 
%  Ibid.,  1858,  p.  364- 
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employed  for  raw  lead^  rich  enough  by  itself,  and  for  other 
reasons  which  will  be  mentioned  later. 

Parkes*s  method  of  desilverising  lead  by  means  of  zinc  has, 
in  most  cases,  been  abandoned. 

Pattinson's  Process. 

This  process  is  based  upon  the  fa<5l  that  when  argentiferous 
lead  is  melted  in  a  cast-iron  pan,  and  allowed  to  cool  gra- 
dually and  equally,  an  immense  number  of  small  ciystals 
separate  from  the  mass ;  these  ciystals  are  much  poorer  in 
silver  than  the  original  alloy,  while  the  fluid  surrounding 
them  contains  most  of  the  silver.  The  crystals  are  o<5la- 
hedral,  united  by  one  edge,  and  are  of  small  size.  The 
smaller  they  are,  the  richer  the  raw  lead  becomes,  but  they 
then  form  smaller  masses,  and  are  more  difiicult  to  separate 
from  the  liquid  portion. 

As  the  lead  becomes  purer,  the  crystals  take  a  grey  colour, 
and  are  more  inclined  todeaden.  Larger  and  looser  crystals 
are  formed,  and  as  they  originate  on  the  surface  they  sink 
more  quickly  to  the  bottom,  as  is  the  case  in  the  enriching 
pans  where  all  the  impurities  are  concentrated. 

A  complete  separation  of  the  silver  and  lead  is  impossible, 
as  the  crystals  always  mechanically  retain  some  of  the  argen- 
tiferous liquid  metal ;  this  is  also  the  reason  the  crystals 
formed  at  the  commencement  of  the  process  are  the  poorest 
in  silver,  and  grow  richer  as  the  silver  becomes  concen- 
trated in  the  fluid.  In  Freiberg  experiments  have  been  made 
by  taking  from  10  to  180  cwts.  of  crystals  from  lead  contain- 
ing 0*0250  per  cent  of  silver,  and  by  ascertaining  their  con- 
tents of  silver.  According  to  Stetefeldt,  the  following  results 
were  obtained: — 

I  cwt.  contained  o*oo8o  per  cent. 
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90  cwt. 

contained  0-0125  per  cent. 
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Therefore  the  amount  of  silver  in  the  crystals  stands  in  the 

following  proportions  to  the 

average  amount  of 

0-0225  per 

cent : — 

I  cwt. 

=  I  :  2*81 

I 

cwt. 

= 

:2-8i 

50 
100 

- 

:  2-04 
:  i'8o 

130 

155 
180 

= 

:i'55 
:ro9 
:o77 

This  shows  that  from  one  charge  of  10  tons,  the  first  6^  tons 
of  crystals  contain  0*0114,  the  next  2|  tons,  0*026,  and  the 
I  ton  of  liquid  metal,  0*072  per  cent  of  silver. 

By  a  repetition  of  the  crystallisation  in  a  row  of  pans  it  is 
possible  with  the  crystals,  as  well  as  with  the  remaining 
liquid,  to  carry  on  the  desilverising  to  an  extent  only  limited 
by  economical  considerations,  while  the  enriching  can  only 
be  done  to  a  certain  degree  (according  to  the  experiments  at 
Freiberg,*  to  uot  more  than  2J  per  cent  of  silver).  The 
nearer  this  limit  is  approached,  the  later  and  more  slowly 
the  crystallisation  will  take  place.  The  whole  liquid  mass 
shows  an  inclination  to  solidiiy,  and  the  crjrstals  possess 
nearly  the  same  amount  of  silver  as  the  remaining  liquid. 
By  a  number  of  crystallisations  the  raw  lead  is  gradually 
separated  into  a  small  part  rich  in  silver  (rich  lead),  and  a 
larger  portion  poor  in  silver  (poor  lead).  For  the  same 
reason  the  rich  lead  is  seldom  enriched  beyond  1-7  per  cent, 
whilst  the  extraction  from  the  poor  lead  may  be  carried  on 
till  it  contains  not  more  than  o-ooi  per  cent  of  silver  (Tamo- 
witz,  Altenau). 

As  already  proved  by  Berthier  and  Berzelius,t  the  melting 
point  of  lead  is  lowered  when  the  lead  is  alloyed  with  silver, 
provided  the  amount  of  silver  does  not  exceed  a  certain 

*  Freiberger  Jahrbuch,  zS62,  p.  185.    B.  u.  h.  Ztg.,  1862,  pp.  251,  328. 
t  B.  u.  h.  Ztg.,  z86o,  p.  136. 
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limit.  This  alloy  dissolves  as  a  chemical  combination,  in 
an  excess  of  lead,  and  the  lead  being  the  more  difficult  to 
fuse,  ciystallises  upon  cooling  to  a  certain  temperature, 
whilst  the  more  easily  fusible  part,  rich  in  silver,  remains 
liquid.  But  if  the  amount  of  silver  exceeds  a  certain  pro- 
portion, for  instance,  i  part  of  silver  to  3  or  even  to  i  part 
of  lead,  the  resulting  alloy  is  more  difficult  to  fuse  than  pure 
lead,  and  the  result  of  the  process  will  be  as  shown  by  the 
experiments  at  Freiberg. 

In  the  division  of  the  lead  change  into  crystals  and  liquid, 
practice  has  evolved  two  distindt  systems — ^the  low  system* 
by  which  as  much  as  Jths  of  the  contents  of  the  pan  are 
dipped  out  at  each  fusion  as  crystallised  lead,  and  but  (th 
is  allowed  to  remain, — and  the  high  systcmt  in  which  as 
little  as  {rds  of  the  lead  are  strained  out  as  crystallised  lead, 
the  remaining  ^rd  being  allowed  to  run  back  into  the  pan. 

The  law  system  allows  a  rapid  concentration  of  the  silver, 
and  may  be  chiefly  applied  with  profit  to  the  varieties  of  lead 
containing  little  silver,  which  are  at  the  same  time  as  pure 
as  possible ;  otherwise  the  impurities  cannot  sufficiently  be 
separated  on  account  of  the  smaller  number  of  pans  in  which 
a  purification  by  the  formation  of  dross  takes  place.  This 
system  requires  few  pans  (from  3  to  6),  as  all  the  lead  is  not 
under  operation  the  whole  time,  but  part  of  the  crystals  with 
a  moderate  amount  of  silver  are  laid  aside  and  kept  till  a  full 
charge  has  coUedted.  When  using  rich  raw  lead  in  this 
way,  many  difierent  sorts  of  lead  with  varying  amounts  of 
silver  had  to  be  kept  in  store,  causing  the  process  to  be  less 
under  control,  and  increasing  its  complexity. 

Therefore  for  richer  and  less  pure  lead,  the  high  system 
is  used,  in  which  the  whole  quantity  of  lead  under  treatment 
is  always  kept  in  the  pans.  It  allows  a  more  accurate  and 
continuous  operation,  and  works  larger  quantities  in  a  certain 
time;  it  also  produces  pure  lead  quickest,  but  the  number  of 
pans  (up  to  15)  must  be  the  larger  the  more  silver  (up  to 
0*45  per  cent)  the  lead  imder  treatment  contains. 

In  English  smelting  works,  where  raw  leads  containing 

•  B.  u.  h.  Ztg.,  1858,  p.  247. 
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very  variable  amounts  of  silver  are  bought,  several  systems 
are  combined  in  order  to  extract  the  silver  in  the  quickest 
way  possible ;  sometimes  also,  if  uniformly  rich  leads  are 
workedi  several  systems  are  in  vogue  at  the  same  time ;  for 
instance,  from  the  charging  pan  upwards  the  high  system  is 
used,  whilst  downwards  another  system  is  adopted  (sometimes 
by  ^ths),  varying  at  the  same  time  the  charges  in  the  pan. 

In  order  to  desilverise  and  enrich  the  lead  uniformly,  it  is 
necessary  to  keep  in  each  pan  a  constant  amount  of  silver 
in  the  lead ;  this  may  be  done  by  a  careful  observation  of  the 
process,  and  a  continual  assay  of  the  contents  in  the  pan. 
If  irregularities  have  taken  place  they  may  be  corredted 
by  a  judicious  operating,  by  a  partial  charging  of  the 
pan,  by  an  addition  of  lead  with  a  corresponding  amount  of 
silver,  &c. 

Stetefeldt*  has  endeavoured  to  find  out  a  mathematical 
rule  for  the  increase  and  decrease  of  silver  in  lead  at  the 
different  crystallisations,  but  the  mechanical  difficulties  of 
the  process  have  prevented  this  being  carried  out  with  any 
success.  It  must  be  generally  supposed  that  on  the  high 
system  the  crystals  strained  off  contain  about  half  as  much, 
and  the  liquid  twice  as  much  silver  as  the  original  alloy. 
This  proportion  is  more  constant  in  the  desilvering  pan  than 
in  those  for  enriching ;  for  instance,  at  Altenau  the  amount 
of  silver  always  decreases  by  0*005  lb.,  beginning  at  the 
8th  pan. 

Amount  of  silver  in  the  8th  pan  =  0*045    to  0*05      lb. 

gth    „    =  0-025    „  0-03 
loth    „     =  0*015    „  0*018 
nth    „    =  0*0075  „  o*oo88 
I2th    „     =  0*0044  >»  0*005 
13th    „     =  0*0022  „  0*003 

That  system  is  most  economical  in  practice  which  re- 
quires the  fewest  pans  to  be  dipped  from  for  obtaining  a 
sufficiently  poor  lead.  In  Freiberg  another  system  is  pre- 
ferred in  this  respedl  to  that  by  thirds  (high  system),  which 
at  the  same  time  forms  intermediate  crystals.  The  same 
system  has  been  used  in  England  before.     It  divides  the 

•  B.  u.  h.  Ztg.,  1863,  pp.  64,  69,  77. 
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charge  of  a  pan  into  more  than  two  parts  (for  instance,  into 
three  parts)  in  such  way  that  from  a  charge  of  lo  tons  the 
first  6^  tons  of  crystals  are  dipped  out  in  the  usual  manner, 
and  afterwards  2J  tons  of  intermediate  crystals,  whilst  i 
ton  of  liquid  remains.  The  amount  of  silver  contained  in 
the  single  pans  remains  constantly  the  same ;  but  as  it  is 
more  advantageously  divided,  fewer  dippings  out  are  required, 
costing  less ;  on  the  other  hand,  the  process  becomes  more 
complicated. 

The  intermediate  crystals  now  contain  either  as  much 
silver  as  the  alloy,  or  they  have  a  larger,  or  a  smaller  amount ; 
the  medium  case  only  is  of  interest  in  praAice. 

Whichever  system  is  employed,  it  is  always  necessary  to 
bring  the  row  of  pans  (battery)  to  the  normal  or  lowest  state 
by  a  judicious  charging,  and  by  crystallising  different  quan- 
tities of  lead  from  one  pan  to  another,  &c.  This  normal 
state  is  obtained  if,  at  a  certain  charge  and  a  constant  amount 
of  silver  in  each  pan,  rich  lead  and  poor  lead  result  regularly 
from  the  battery. 

The  following  conditions  have  an  essential  influence  upon 
the  process : — 

1.  The  proper  Management  of  the  Temperature. — If 
it  is  too  high,  an  insufficient  formation  of  crystals  will  take 
place,  and  if  too  low,  the  mass  will  begin  to  chill  almost 
uniformly,  not  allowing  a  sufficient  separation. 

2.  The  Amount  of  the  Charge. — ^The  charge  must  amount 
to  at  least  from  2}  to  5  tons,  otherwise  the  transformation 
from  the  liquid  to  the  crystalline  state  takes  place  too 
quickly,  without  leaving  sufficient  time  for  dipping  out 
the  crystals.  In  England  pans  for  charges  of  from  6  to  10 
tons  are  used ;  the  charges  at  the  Hartz  are  from  iij  to  12^- 
tons  ;  at  Freiberg,  10  tons ;  at  Tarnowitz,  12  tons,  &c. 

3.  The  Amount  of  Silver  contained  in  the  Charge  is 
chiefly  influential  upon  the  number  of  pans  required  for  a 
sufficient  extradtion,  upon  the  choice  of  the  charging  pan, 
and  on  the  number  of  crystallisations  necessary. 

Pattinson  invented  his  process  chiefly  for  enriching  poor 
leads  (o'oi  to  0*04  per  cent),  and  for  this  purpose  the  process 
VOL.  I.  s 
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is  most  advantageous,  as  when  using  the  low  system  the 
required  concentration  of  the  silver  is  obtained  by  a  few  pans 
and  a  small  number  of  crystallisations.  The  larger  the 
amount  of  silver  contained  in  the  lead,  the  more  the  time, 
labour,  materials,  and  number  of  pans,  must  be  increased  for 
a  sufficient  extra<5tion.  But  the  process  has  also  been  used 
for  richer  leads  (o*i2  to  0*45  per  cent  of  silver)  in  many 
smelting  works,  and  has  shown  the  following  advantages 
over  the  cupelling  process : — 

a.  As  Pattinson's  process  is  carried  out  at  a  low  tempera- 
ture, the  loss  of  lead  and  also,  in  most  cases,  of  silver,  is 
less  than  that  occasioned  by  the  cupelling  process,  and 
the  litharge  reduiJlion  process.  The  loss  of  lead  by  Pattin- 
son's process,  when  using  the  purer  kinds  of  lead,  amounts 
to  from  i'5  to  3  per  cent,  and  when  using  impure  leads,  4  to 
5  per  cent;  but  in  the  cupelling  and  litharge  reducing 
process  this  loss  amounts  to  from  8  to  12  per  cent.  The 
loss  of  lead  in  Pattinson's  process  is  caused  partly  mechani- 
cally, but  chiefly  by  the  formation  of  dross  upon  the  surface 
of  the  lead.  The  loss  of  silver  is  caused  partly  by  the  loss 
of  lead,  and  partly  by  the  amount  of  silver  which  is  retained 
in  the  poor  lead. 

According  to  the  experiments  made  at  the  Upper  Hart^,* 
the  cost  for  treating  highly  argentiferous  lead  by  Pattinson's 
process  is  not  less  than  that  for  cupelling  such  lead  ;  indeed, 
it  sometimes  costs  more,  and  the  work  is  also  carried  on 
more  slowly,  but  the  expense  is  balanced  to  some  extent  by 
a  greater  yield,  and  the  greater  purity  of  the  lead.  In  these 
works  at  the  Hartz,  Pattinson's  process  with  raw  lead  con- 
taining 0'i8  to  o*2o  per  cent  of  silver  maybe  carried  on  with 
advantage,  if  the  price  of  lead  is  not  below  12s.  per  cwt. 

6.  A  purer  lead  is  obtained,  which  fetches  a  higher  price  in 
the  masket. 

c.  Less  skilful  workmen  are  needed,  but  they  must  be 
strong  and  attentive. 

4.  The  Purity  of  the  Raw  Lead. — ^The  purer  it  is,  the 
quicker  and  the  more  perfectly  the  desilverising  succeeds, 

*  Fehres,  B.  u.  h.  Ztg.,  1864. 


Digitized  by  VjOOQIC 


pattinson's  process.  259 

and  the  purer  will  be  the  resulting  poor  lead.  The  presence 
of  copper,  antimony,  and  arsenic  impedes  the  formation  of 
the  crystals,  the  liquid  portion  is  retained  more  copiously  by 
the  crystals,  necessitating  more  crystallisations,  and  the  poor 
lead  always  retains  some  amount  of  the  above-mentioned 
impurities,  although  the  greater  part  of  them  is  concentrated 
in  the  liquid.  A  small  amount  of  nickel*  in  the  raw  lead 
also  becomes  concentrated  in  the  liquid,  but  it  is  likewise 
found  in  the  crystals  if  the  amount  present  exceeds  10  ozs. 
to  the  ton ;  its  behaviour  is  similar  to  that  of  copper.  Arsenic 
enters  in  large  proportion  into  the  crystals,  and  also  copper 
if  present  in  considerable  quantities. 

When  using  purer  lead,  a  simple  skimming  off  the  dross 
will  be  sufficient,  but  if  the  lead  is  impure,  it  may  require  to 
be  stirred  with  a  wooden  pole  (Upper  Hartz),  or  refinedt  in 
reverberatory  furnaces  (England,  Stolberg,  Freiberg). 

5.  The  Number  of  Workman. — More  workmen  are 
required  than  for  the  cupelling  and  refining  processes  of 
litharge  ;  the  crystals  are  either  dipped  out  from  one  or  both 
sides  of  a  pan.  The  latter  plan  requires  two  workmen  on 
each  side,  and  is  preferable,  as  the  crystals  are  more  quickly 
removed,  and  the  process  may  be  finished  before  the  cooling 
has  proceeded  too  far. 

The  following  are  the  produdts  of  Pattinson's  process  : — 

X.  Rich  Lead,  usually  containing  from  0*5  to  i'5  pcr  cent 
of  silver. 

a.  Poor  or  Commercial  Lead,  containing  from  o'ooi  to 
0*003  per  cent  of  silver,  and  usually  of  great  purity. 

3*  Dross  t  (scum),  containing  greater  or  smaller  amounts 
of  metal,  formed  by  oxidation  of  the  lead  and  foreign  sub- 
stances ;  it  is  also  mechanically  mixed  with  lead. 

The  first  metallic  dross  (Schlicker)  obtained  from  the 
smelting  of  the  lead  in  the  charging  pan  (Upper  Hartz),  or 
in  a  refining  furnace  (Freiberg),  is  either  cupelled  diredlly 
(Upper  Hartz),  or  submitted  to  a  liquation  process  (Frei- 

*  Baker,  in  Berg,  und  huttenm.  Zeitung,  1865,  p.  188. 

f  B.  u.  h.  Ztg.,  1862,  p.  297. 

X  Ibid.,  1858,  p.  363  ;  1862,  p.  300. 
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berg);  the  rich  dross  from  oxidation,  as  also  the  dross 
obtained  by  poling  the  lead,  are  reduced. 

The  rich  and  poor  dross  from  the  pans  formed  by  oxida- 
tion (Bleidreck)  is  seldom  cupelled  diredtly,  but  is  usually 
reduced  either  in  reverberatory  furnaces  (England,  Stolberg, 
Tamowitz,  &c.,)  or  in  cupola  furnaces  (Upper  Hartz) ;  the 
resulting  rich  lead  is  either,  according  to  the  amount  of  silver 
and  antimony  it  contains,  again  treated  by  Pattinson's  pro- 
cess, and  in  that  case  previously  refined  (England),  or  cupelled 
diredtly  (Tamowitz,  Upper  Hartz);  the  resulting  reduced 
leads  are  then  either  re-treated  by  Pattinson's  process,  or  are 
sold  as  such. 

By  reducing  the  dross  in  reverberatory  furnaces  a  purer 
lead  results  than  by  reducing  it  in  cupola  furnaces.  The. 
loss  of  metal  is  about  the  same  in  both  cases,  but  reduction 
in  cupola  furnaces  is  cheaper,  and  produces  larger  quantities. 
For  instance,  at  Altenau  (Hartz),  in  cupola  furnaces,  in  12 
hours,  6i  to  6J  tons  of  lead  are  produced  from  such  dross, 
consuming  180  cubic  feet  of  charcoal ;  and  in  England,  in 
reverberatory  furnaces,  from  5  J  to  6  tons  of  lead  are  produced 
in  the  same  time,  with  a  consumption  of  from  8  to  10  cwts. 
of  coal. 

APPARATUS  FOR  PATTINSON'S  PROCESS.* 

These  are  chiefly  : — 

I.  Pattinson's  Pans — Figs.  69  and  70  represent  a  plan 
and  elevation  of  a  set  of  Pattinson's  pans.  A,  is  the  market  pan. 
from  which  the  desilverised  lead  is  ladled  out.  b,  c,  d,  b,  f, 
G,  H,  and  I,  are  the  working  pans,  while  a',  b',  c',  d',  b',  f',  g',  h', 
and  i',  are  the  respedtive  fire-places,  a,  a,  a,  a,  are  temper 
pans  employed  for  heating  the  ladles  when  they  have  become 
too  much  reduced  in  temperature.  These  pans  are  not  re- 
quired when  manual  labour  is  employed. 

The  pans  are  larger  or  smaller  according  to  the  charge 
employed ;  they  are  usually  from  5  to  5}  feet  wide  and  from 
2^  to  2|  feet  deep,  and  from  1}  to  2  inches  thick  in  iron, 
either  uniformly  as  in  England,  or  of  an  increasing  thick- 
ness of  ij^  to  2,  or  2  to  3,  inches  from  the  edge  to  the  bottom. 

•  Ure's  Diaionary  of  Arts,  1867,  ii.,  p.  825. 
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Figs.  71  and  72  are  sedtions  showing  the  manner  of  setting 
and  the  arrangement  of  the  pans  and  flues.  A,  is  the  pan  ;  b, 
the  main  flue ;  c,  the  ash-pit.  The  ereftion  of  nine  6-ton  pans 

Fig.  71. 


requires  15,000  common  bricks,  10,000  fire-bricks,  160  feet 
of  quarles,  80  fire-clay  blocks,  and  5  tons  of  fire-clay. 

In  some  establishments  cranes  are  made  use  of  for  lifting 
the  ladle  employed  in  the  removal  of  the  crystals ;  they  are 
found  to  be  advantageous. 

Fig.  72. 


At  Enthoven's  smelting  works  at  Rotherhithe,  near 
London,  Worsley*  has  tried  to  tap  off  the  liquid  from  the 
crystals  by  a  sieve-like  apparatus  at  the  bottom  of  pans. 

According  to  Fehres,t  the  French  Pattinson's  apparatus 
is  successfully  employed  at  Holzappel.  It  is  furnished  with  a 
stirrer  for  keeping  a  uniform  temperature  in  the  whole  mass  of 
lead,  and  at  the  same  time  for  pressing  together  the  separated 

•  B.  u.  h.  Ztg.,  i860,  p.  493 ;  1862,  p.  299.    Berggeist,  1861,  p.  290. 
f  B.  u.  h.  Ztg.,  X864,  p.  4  (with  drawings). 
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crystals^  allowing  the  liquid  to  be  tapped  off  when  f  or  |  of 
the  contents  of  the  pan  are  transformed  into  crystals. 

The  crystals  are  removed  from  the  pans  by  long  perforated 
ladles,  from  16  to  19  inches  in  diameter,  and  4  or  5  inches 
deep ;  they  are  made  of  strong  iron  plates ;  the  holes  are 
i  inch  wide,  and  stand  f  inch  from  each  other. 

2.  Furnaces  for  reducing  the  Dross  from  the  Pans. — 
Reverberatory  furnaces  are  more  suitable  for  this  than  cupola 
furnaces,  as  they  allow  the  low  temperature  required  for  the 
redudtion  of  oxide  of  lead  to  be  more  evenly  sustained,  and 
as  they  reduce  less  impurities.  On  the  other  hand,  rever- 
beratory furnaces  are  more  expensive  than  cupola  furnaces 
if  the  produdlion  is  not  large.  Cupola  furnaces  are  used  in 
the  Upper  Hartz,  whilst  reverberatory  furnaces  are  employed 
in  England,  Stolberg,  and  Tamowitz.  The  furnaces  at  Tar- 
nowitz  (Figs.  73  and  74)  may  be  recommended  for  the  pur-v 
pose  on  account  of  their  simplicity  and  the  cheapness  of  their 
construdlion  and  repairs. 

Fig.  73. 


Fig.  74. 


Sedion  across  a  b. 
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a^  is  a  sole  three  inches  thick;  6,  sand;  c,  a  layer  of 
bricks ;  d,  the  hearth,  nine  inches  thick,  of  a  trough-like 
form,  made  of  clay  and  small  coal,  and  inclined  towards  the 
tapping  hole  e ;  /,  the  working  door ;  g^  the  outer  basin ;  A,  a 
flue  in  the  arched  roof  leading  to  a  condensation  channel 
which  is  connected  with  a  chimney  150  feet  high;  f,  the  fire- 
bridge ;  k,  charging  door  for  the  fuel ;  /,  the  grate,  and  m, 
the  ash  pit. 

A.  High  (Thirds)  System  of  Crystallisation. 

Manipulation  of  the  Process — If  the  battery,  consisting  of 
from  8  to  14  pans,  according  to  the  amount  of  silver  con- 
tained in  the  raw  lead,  is  in  a  normal  state  (page  256),  the 
regular  operation  begins.  The  charging  pan  is  first  washed 
with  lime  water,  and  then  heated ;  the  third  pan  is  selected 
if  the  raw  lead  contains  0*17  per  cent  of  silver  or  more,  and 
the  seventh  if  the  raw  lead  is  poor,  and  contains  only  0*02  per 
cent  of  silver.  The  full  charge  (from  9  to  12J  tons)  is  then 
added  and  melted  in  about  6  or  8  hours,  the  dross  which 
accumulates  on  the  surface  is  skimmed  off  for  ^  or  |  of  an  hour, 
and,  if  necessary  for  its  purification,  the  lead  is  stirred  for 
I  or  2  hours  with  a  wooden  pole,  and  the  resulting  dross 
removed  by  means  of  a  perforated  ladle :  all  this  time  the 
lead  is  kept  at  a  red  heat.  The  metallic  bath  is  then 
allowed  to  cool  for  i  or  }  hour ;  the  fire  being  withdrawn, 
the  cooling  is  assisted  by  a  frequent  stirring,  and  by  care- 
fully throwing  water  upon  the  surface  of  the  lead.  This 
must  be  done  with  the  utmost  caution,  since  the  water  may 
become  so  entangled  in  the  fused  lead  that  the  sudden  for- 
mation of  steam  will  cause  explosions,  dangerous  to  the  men 
employed,  and  leading  to  a  loss  of  metal.  At  Holzappel  the 
surface  of  the  lead  is  covered  with  small  lumps  of  charcoal 
previous  to  adding  water.  The  mass  begins  to  cool  at  the 
surface  and  along  the  sides  of  the  pan,  and  the  crusts  thus 
formed  are  carefully  detached  by  means  of  a  bar,  and  thrown 
back  into  the  fluid.  Fluid  lead  is  also  poured  upon  the  border 
of  the  pan,  and  if  chilled  is  thrown  back,  the  cooling  being 
thus  regulated. 

The  formation  of  crystals  takes  place  as  soon  as  the  cooling 
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has  reached  a  certain  point ;  the  surface  becomes  uneven, 
the  mass  pasty,  and  when  crystals  have  been  formed  in  suffi- 
cient quantity,  then  begins  the  dipping  out  of  two-thirds  of  the 
mass  in  crystals  into  the  heated  pan  next  on  the  left  hand. 
A  ladleful  is  raised  above  the  surface,  it  is  allowed  to  drain  a 
few  moments,  assisted  by  a  shaking  of  the  ladle,  and  is 
thrown  into  the  neighbouring  pan;  the  ladle  is  then  re- 
warmed,  cleaned,  and  the  process  repeated. 

In  some  English  smelting  works  a  larger  ladle  is  used ; 
when  filled  with  crystals  the  ladle  is  slowly  lifted  out  of  the 
metal  bath  by  means  of  a  movable  pulley,  and,  hanging  on 
a  crane  fixed  between  two  pans,  is  brought  into  a  horizontal 
position,  when  the  draining  of  the  fluid  is  assisted  by  blows 
with  a  hammer  upon  the  handle  of  the  ladle.  The  ladle  is 
then  moved  over  the  neighbouring  pan  by  means  of  the  crane, 
and  discharged  (Par,  in  Cornwall).  In  other  works  the  ladle 
is  only  lifted  by  means  of  a  pulley,  shaken  by  hand  for 
draining,  and  removed  to  the  neighbouring  pan  by  means  of 
guide  bars  and  by  hand  (Panther  Lead  Works  near  Bristol, 
John  Millican's  Smelting  Works,  Nenthead,  near  Alston),  or 
the  ladle  is  suspended  by  a  chain  used  for  its  removal 
(Gallongate  Lead  Works  in  St.  Anthony,  near  Newcastle- 
upon-Tyne). 

This  crystallisation  is  finished  in  about  two  hours,  and  the 
remaining  enriched  liquid,  one-third  of  the  original  mass,  is 
then  converted  into  a  pasty  state  by  throwing  water  upon  it  for 
about  a  quarter  of  an  hour ;  it  is  then  strained  out  into  the  next 
pan  to  the  right.  If  the  battery  is  in  a  normal  state  more  pans 
are  furnished  with  the  suitable  charges,  so  that  from  one  to 
three  crystallisations  may  be  going  on  at  the  same  time  if 
enough  workmen  are  to  be  had.  One-third  of  liquid  lead 
containing  the  same  amount  of  silver  as  the  raw  lead  is  put 
into  the  charging  pan,  together  with  two-thirds  of  fresh  raw 
lead,  and  the  process  goes  on  again,  so  that  gradually  the 
enriching  pans  obtain  the  full  charge  for  crystallisation.  In 
this  way  poor  as  well  as  rich  lead  is  regularly  produced  by 
the  battery. 

If  the  raw  lead  which  is  added  has  not  been  previously 
refined  it  is  also  stirred  with  wooden  poles  in  the  next  pans 
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for  poor  lead  on  the  left-hand  side,  after  they  have  been 
filled  up. 

The  resulting  scum,  poor  and  rich  dross,  are  kept  and 
worked  separately. 

The  operations  of  Pattinson*s  process  will  be  explained  by 
the  following  table,  which  has  been  drawn  up  for  poor 
lead : — 

Table  for  Poor  Lead. 

Charging  lo  tons  of  lead  with  o*02  per  cent  of  silver  into 
the  7th  pan,  the  process  will  proceed  as  follows.  The  number 
3  in  the  table  is  equal  to  200,  2  =  130,  and  i  =  70  cwts. : — 

Pans. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

zo 

zz 

Z2 

13 

14 
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I 

A 

I 
a* 
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a* 
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A 
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3 
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z 

2 
z 

2 
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2 
z 

2 

z 
3 

2 

z* 

3 

2 
z 

2 

z* 

2 
Z 

3 

2 
Z* 

2 

z* 

3 

2 

The  marks  A,  /^  indicate  how  much  of  the  charge  is 
dipped  out  in  crystals  and  put  into  the  pan  on  the  right,  and 
how  much  liquid  is  ladled  into  the  pan  on  the  left  ;  therefore 
the  first  row  shows  that  from  the  charging  pan   No.   7, 
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one-third  of  the  charge  has  been  ladled  into  pan  No.  6,  and 
two-thirds  into  No,  8. 

The  resulting  rich  lead  in  the  first  pan  contains  at  least 
1*5  per  cent  of  silver,  and  the  poor  lead  in  the  14th  pan 
o'oo2  per  cent.  The  lead  used  for  completing  the  charges 
of  the  pans  is  marked  in  the  table  with  * ;  it  must  be  of 
nearly  the  same  richness  as  the  lead  in  the  pans. 

Illustrations  of  the  High  System  of  Working  without 
Intermediate  Crystals. 

At  the  Upper  Hartx. — ^At  Altenau,  charges  of  raw  lead  with 
from  0"i8  to  0*20  per  cent  of  silver,  weighing  iij  tons,  are 
worked  in  batteries  of  13  pans.  One  pan  weighs  from  2J  to 
3  tons,  and  is  5  feet  6^  inches  wide,  and  a  feet  10  inches 
deep,  the  thickness  of  the  iron  at  the  bottom  is  3  inches,  and 
on  the  sides  2  inches.  The  last  pan  for  poor  lead  is  some- 
what smaller.  The  third  pan  is  used  as  the  charging  pan. 
After  the  first  dross  is  skimmed  ofif  from  the  melted  lead,  it 
is  stirred  with  a  wooden  pole  for  two  hours,  and  the  stirring 
is  also  continued  in  the  fourth  pan.  The  dipping  out  of  the 
crystals  from  one  pan  takes  three  or  four  hours ;  the  result- 
ing poor  lead  contains  from  0*0025  to  0*003  per  cent  of 
silver,  and  the  rich  lead  from  07  to  075  per  cent.  In  the 
normal  state  of  the  battery,  the  percentage  of  silver  in  the 
full  pans  was  as  follows : — 

I.     11.    III.   IV.   V.   VI.   VII.  VIII.    IX.      X.        XL      XII.     XIII. 
z.  0*58  0*37  0*25  o'zg  0*15  0*10  0*07  o'05    0*036  0*01x7  0*0087  0*0049  0*0038 
a.  o'33  0*27  0*19  0*13  0*11  0*09  0*06  0*045  o*oa    0*01x5  0*0085  0-0063  0*0038 
X.    Raw  lead  from  schlich.  2.    Raw  lead  from  droBs. 

In  the  year  1861-2  were  produced  from  5  tons  of  raw  lead, 
50*30  per  cent  of  refined  lead,  11*22  per  cent  of  crystallisa- 
tion lead,  i8*74  cwts,  of  rich  lead,  15*59  cwts.  of  skimmed 
lead,  4*17  cwts.  of  rich  dross  from  the  pans  i  to  4,  18  cwts. 
of  poor  lead  from  the  pans  5  to  12,  and  1*50  cwts,  of  poor 
scum  from  pan  No.  13,  consuming  1,200  bundles  of  wood, 
or  2  tons  of  coaL  The  loss  of  silver,  according  to  the  assay 
of  the  raw  lead,  amounted  to  1*7  per  cent,  and  the  loss  of 
lead  to  3*24  per  cent.  By  this  process  one  workman  can 
treat  in  12  hours  6*31  cwts.  of  raw  lead,  producing  3  cwts., 
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88  lbs.  of  poor  lead.    The  cost  of  working  5  tons  of  raw 
lead  is — 

£  s.  d. 

For  labour .     .     .     .    2    8  ii*5 

„    materials .     .     .    411  9*3 

„    tools     ....     o     I  8*2 


Total  ....  ^7  I  0*5 
When  worked  in  cupelling  and  reducing  furnaces  the  same 
quantity  of  raw  lead  occasions  a  loss  of  9  per  cent  of  lead, 
and  costs  £3  17s.  9d. ;  and  thus  the  higher  yield  of  lead  by 
the  former  process  (sf  per  cent)  has  to  balance  the  extra 
expense  of  £3  3s.  8d.  This  is  exadtly  effedted  when  the 
market  price  of  lead  is  lis.  3d.  per  cwt.  As  in  the  year 
named  the  average  price  was  17s.  5d.,  Pattinson's  process 
allowed  a  saving  of  £1  15s.  6d.  upon  every  5  tons  treated 
by  it.  Eight  workmen  work  during  the  day,  and  eight  dur- 
ing the  night ;  the  16  workmen  are  paid  6'24d.  for  each  cwt. 
of  poor  lead  they  produce  ;  two  assistant  workmen  are 
allowed  for  the  day  and  night,  each  receiving  is.  3d.  for  a 
shift  of  12  hours.  Those  16  men  attend  to  14  pans  in  24 
hours. 

^4^  AfMMS^r6f^cA,*  near  Stolberg,  the  raw  lead  containing 
0*02  per  cent  of  silver  is  refined  in  reverberatory  furnaces. 
About  13  tons  are  refined  in  30  hours  at  a  low  red  heat,  air 
being  admitted,  and  some  powdered  lime  and  small  coal 
being  thrown  now  and  then  upon  the  surface  of  the  lead, 
the  dross  formed  is  skimmed  off  from  time  to  time,  and  the 
purified  lead  is  poured  into  moulds.  The  consumption  of 
coal  in  30  hours  amounts  to  about  27  cubic  feet. 

The  refined  lead  is  submitted  to  Pattinson's  process  in 
batteries  of  13  pans,  arranged  like  those  of  the  Upper  Hartz, 
and  the  lead  is  charged  according  to  the  silver  it  contains, 
either  in  the  5th  or  the  6th  pan,  but  mostly  into  the  6th.  The 
loss  of  lead  amounts  to  3  or  3^  per  cent,  the  lead  is  enriched 
up  to  I  per  cent,  and  2}  tons  of  coal  are  consumed  in  24 
hours,  during  which  time  from  20  to  25  pans  are  dipped  out. 
The  charge  of  each  pan  is  from  12  to  12J  tons.    The  cost 

*  B.  u.  h.  Ztg.,  1858,  p.  300. 
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for  enriching  i  ton  of  lead  originally  containing  0*019  per 
cent  of  silver,  up  to  an  amount  of  0*36  per  cent  of  silver,  is 
about  IIS  lod. 

Ai  Tamowttz,*  the  raw  lead  containing  0*0986  per  cent  of 
silver  is  treated  in  a  battery  of  14  pans,  charging  12  tons  in 
the  fourth  pan.  It  is  enriched  to  1*2  per  cent,  and  the  poor 
lead  then  contains  only  0*001  per  cent.  On  the  3rd  of  June, 
1862,  the  single  pans  contained  nearly  the  following  amount 
of  silver,  in  gframmes  per  cwt. : — 

I.  075  II.  o'44  III.  o*a68  IV.  0-151  V.  0'0745  VI.  0*05  VII.  0*035 
VIII.  0-026  IX.  0-0x45  X.  0-0076  XI.  0-0048  XII.  0*0028  XIII.  0-002 
XIV.  0*0010 

This  condition  is  sustained  by  a  continual  assaying  and 
a  careful  superintending  of  the  process,  and  also  by  adding 
the  rich  third  of  the  fifth  pan  to  the  third  pan,  instead  of  the 
fourth,  if  the  room  in  the  pan  will  allow  it.  From  5  tons 
of  raw  lead  were  produced — 

18*15  per  cent  of  rich  lead,  containing  1*2  to 

1*433  per  cent  of  silver. 
59*52  per  cent  of  poor  lead,  containing  0*001 
percent  of  silver,  and  ii*375  specific 
gravity  at  18". 
21*27  per  cent  of  lead  skimmed  off. 

Total  .   .  98*94  per  cent. 

The  loss  of  lead  by  Pattinson's  process  and  by  the  redudlion 
of  the  dross  skimmed  off  is  1*2  per  cent,  and  the  yield  of 
silver  is  1*2  per  cent  larger  than  that  obtained  by  the  cupel- 
lation  assay.  5  tons  of  raw  lead  consume  21*7  cwts.  of  coal. 
21  workmen  assist  at  one  battery,  and  they  are  paid  3*48d. 
per  cwt.  of  poor  lead  produced ;  out  of  this  payment  they  must 
keep  three  assistants,  and  pay  sundry  items  for  the  weighing 
and  marking  of  the  lead,  &c.  5  tons  of  commercial  lead  cost 
£1  7s.  6d.  for  labour,  6s.  7*9d.  for  coal ;  total,  £1  14s.  i*9d. 
The  cost  for  i  cwt.  of  such  a  lead  is  therefore  4*2d. 

The  dross  from  the  pans,  containing  88  per  cent  of  lead 
and  0*102  per  cent  of  silver,  is  reduced  in  a  reverberatory 
furnace,   and  the  resulting  raw  lead  again  submitted  to 

•  B.  u.  h.  Ztg.,  1864,  p.  317. 
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Pattinson's  process.  5  tons  of  this  dross  yield  90*36  cwts.  of 
raw  lead,  and  9*30  cwts.  of  reduction  slag,  containing  58  to  59 
per  cent  of  lead  and  o'oo6  per  cent  of  silver. 

This  slag  is  worked  in  cupola  furnaces  i6J-  feet  high, 
mixed  with  7  per  cent  of  iron,  53  per  cent  of  iron  refinery 
cinders,  and  12  per  cent  of  limestone,  and  yields  about  54*5 
per  cent  of  raw  lead,  containing  o"0i5  per  cent  of  silver,  which 
is  concentrated  by  cupellation. 

A  comparison  of  Pattinson's  process  with  the  process  of 
cupelling  and  reducing  formerly  used,  as  far  as  regards  the 
expense  of  producing  five  tons  of  commercial  lead,  may  be 
drawn  from  the  following  table  : — 

A.  Cost  of  PaUinson*s  Process. 

£    s.    d. 

a.  For  labour 176 

b.  „    fuel 068 

c.  „    loss  of  lead  (2*5  per  cent)   ...    2    3    9 

d.  „    loss  of  silver  (o'ooi  per  cent)  ..090 

Total     ...  3^4    6  II 

Or  per  cwt £00  10} 

B.  Cost  for  Cupelling  and  Reducing,  including  Working  up  the 
Intermediate  Products  resulting  from  both  Processes. 

£   ^-   d. 

a.  For  labour  and  materials 2  18  10 

b.  „    loss  of  lead  (4  per  cent)  .     .     .     .    3  10    o 

c.  „    loss  of  silver i  17    6 

Total     .     .     .  ;f  8    6    4 

Or  per  cwt .     .     .    .  ^f  o    i    8 

At  some  English  lead  works^*  raw  leads,  sometimes  not  con- 
taining more  than  3  ozs.  of  silver  per  ton,  are  treated  according 
to  the  high  system ;  they  are  first  refined  in  reverberatory 
furnaces ;  the  charges  are  from  6  to  10  tons,  and  the  lead  is 

•  Dinoler's  Polyt.  Journ.,  Bd.  65,  p/386.  Tunner's  Leobener  Jahrb.,  1852, 
p.  143.    B.  u.  h.  Ztg.,  1859,  p.  433;  1862,  p.  296.    Berggeist,  1861,  p.  338. 
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enriched  up  to  from  160  to  600  02s.  per  ton  (0*48  to  i*8 
per  cent),  the  poor  lead  containing  not  more  than  from 
15  to  7  dwts.  of  silver  per  ton  (  =  0*0027  to  0*0015  per 
cent). 

The  cost  of  crystallising  one  ton  of  calcined  Spanish  lead 
is  as  follows : — 

5.     d. 

Labour 9    5*4 

Coals,  4  cwts o    8*4 

Repairs o    2*50 

Total    .    .    -  10    4*3 

Illustrations  of  the  High  System  of  Working  with 
Intermediate  Crystals. 

In  England*  batteries  of  9  pans  are  used  for  this  system  of 
crystallising  lead  containing  about  10  ozs.  of  silver  per  ton. 
It  is  charged  into  one  of  the  medium  pans ;  4  or  5-i4ths  of  the 
crystals  of  the  charge,  containing  about  5  ozs.  of  silver,  are 
dipped  out  and  put  into  the  pan  on  the  left,  then  4  or  5-i4ths  of 
intermediate  crystals  containing  10  ozs.  of  silver  are  put  on  to 
the  edge  of  the  pan,  and  the  last  3  or  4-i4ths  of  liquid,  con- 
taining 20  ozs.  of  silver,  are  put  into  the  enriching  pan  on 
the  right.  After  this  the  lead  from  the  edge  of  the  pan  is  put 
back  into  the  charging  pan,  which  is  filled  up  again  with  fresh 
lead.  The  process  is  then  continued  in  this  way  until  the  first 
two  side  pans  are  ready  for  dipping  out,  and  in  this  manner 
the  crystallisation  is  carried  on  till  poor  lead,  containing 
^  or  |-  oz.,  and  rich  lead,  containing  from  200  to  400  oz8«, 
result. 

At  Halsbrucke,  near  Freiberg,  leads  containing  up  to  0*60 
per  cent  of  silver  are  submitted  to  Pattinson's  process  in  bat- 
teries of  14  pans  and  charges  of  10  tons.  In  the  high  system 
as  commonly  adopted,  6^  tons  of  crystals  and  3^  tons  of 
liquid  are  dipped  out;  if  forming  intermediate  crystals,  6|- tons 
of  crystals,  2^  tons  of  intermediate  crystals,  and  I  ton  of 
liquid  are  dipped  out  up  to  the  8th  pan ;  from  the  other  pans 
7  tons  of  crystals,  2  tons  of  intermediate  crystals,  and  i  ton 

*  Tunnbr's  Leobener  Jahrbuch,  1852,  p.  143. 
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of  liquid  are  taken.  To  prevent  the  state  of  the  battery 
upwards  from  becoming  too  low,  the  intermediate  crystals 
are  not  usually  strained  so  much.  The  state  of  the  battery 
downwards  becomes  poorer  with  intermediate  crystals,  the 
same  as  when  adopting  the  common  high  system ;  this  is 
shown  by  the  following  table : — 


With  Iniermediaie  Crystals. 

Without  Intermediate  Crystals. 

Per  cent  of  Silver. 

Per  cent  of  Silver. 

1  pan    .    . 

2  „         .      . 

I-02 — 1*13 
0*63 — 071 

1  pan   , 

2  „      . 

.      I'OO 

.    0-67 

3     „       • 

.     0-45— 0-49 

3     n      • 

.    0-47 

4    »       • 

0-29— 0*34 

4     ,»      • 

•     0-34 

5  »      ' 

6  ,,       . 

0"2I — 0*23 

o'i6 

5  n        . 

6  „      , 

.    0-24 
.    o-i6 

I:  ; 

0-094 
0-056 

7  » 

8  „ 

.    0-115 
.    o-o8 

9    M       . 
10     „ 

0-032 
o-oi8 

9         M 

10    „ 

.    0-055 
.     .    0*036 

11  »      . 

12  „         . 

0-0105 
o-oo6 

11  „ 

12  „ 

.     .    0-0275 
.     •    o-oii6 

13    »       • 

0-0035 

13    » 

.     .    0-0058 

14    .»       • 

0-0015 

14    » 

.     .    0-0029 

The  proportion  of  alloy^  intermediate  crystals,  and  liquid 
is,  for  instance,  1:1-4:3;  2-25  :  2*6  :  7*2  ;  13-7  :  19  :  357. 

The  rich  lead  contains  from  1*50  to  1-68  per  cent  of  silver ; 
the  poor  lead  0*003  to  0-0025  per  cent. 

The  following  experiments  with  250  tons  of  lead  containing 
0*023  per  cent  of  silver,  comparing  the  eflfeft  of  the  high 
system  with  and  without  intermediate  crystals,  are  of  great 
interest : — 

Five  tons  of  lead  consumed — 

With  Intermediate  Crystals. 

x2*o6  cwts.  slate  coal. 
0*88     „    cinders. 

Costing  per  cwt. — 

i'X35d.  for  fuel. 
o'Gyyd.  „  labour. 

The  commercial  lead  was  desilverised  downwards  to — 

0*003  per  cent.  0-0025  PC""  c«nt- 

The  raw  lead  became  enriched  up  to — 

o'i85  per  cent.  0*175  per  cent. 


Without  Intermediate  Crystals. 

16' 19  cwts.  slate  coal. 
0*80     „    cinders. 


x*5o8d.  for  fuel. 
0775^.  f»  labour. 
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The  charged  lead  yielded — 

With  Intermediate  Crystals.  Without  Intermediate  Crystals. 

3400  cwts.  commercial  lead  »  68  3x20  cwts.  commercial  lead  s  62-^ 

per  cent.  per  cent. 

301  cwts.  rich  lead  a  6  per  cent.  300  cwts.  rich  lead  s  6  per  cent. 

1300     „    intermediate  produds  a  1580     „    intermediate  produds  a 

26  per  cent : — namely  32  per  cent : — namely 

585  cwts.  liquid.  8zo  cwts.  liquid. 

715     „    lead  scum.  770     „    dross. 

The  yield  of  silver  contained  in  the  charge  was — 

55*6  lbs.  =  48*3  per  cent  in  rich  56*0  lbs.  *  487  per  cent  in  rich 

lead.  lead. 

49*2  lbs.  «  427  per  cent  in  inter-  547  lbs.  =  47*6  per  cent  in  inter- 
mediate produds : — namely  mediate  produds : — ^namely 
25*1  lbs.  liquid.  38-0  lbs.  in  the  liquid. 
14  I  „    lead  scum.  167  „    in  dross. 
io'2  „     «  9*87  per  cent  in  7*8  „     =  682  per  cent  in 
commercial  produds.  commercial  produds. 

The  expense  of  producing  i  cwt.  of  commercial  and  rich 
lead  amounted  in  the  former  case  to  2'44d. ;  in  the  latter 
case  to  3*33d. 

B.  Lrow  System  of  Crystallisation. 

The  lead,  after  having  been  refined,  if  necessary,  is  smelted, 
skimmed  oflf,  and  cooled,  as  in  the  high  system.*  Then  f 
of  the  contents  of  the  pan  are  dipped  out  in  crystals,  and  put 
into  ihe  neict  pan,  but  the  remaining  ^  of  enriched  lead  is 
poured  into  moulds,  and  the  silver  it  contains  marked  upon 
it.  The  i  of  crystals  in  the  next  pan  are  supplemented  by 
an  addition  of  ^  of  lead  containing  the  same  amount  of  silver, 
and  are  divided  again  by  dipping  out  respeftively  into  |  and  J; 
the  latter  being  again  poured  into  moulds.  If  lead  containing 
different  amounts  of  silver  is  at  disposal,  it  is  used  for  com- 
pleting the  I  until  the  lead  is  sufficiently  desilverised.  On  the 
other  hand,  the  |  are  also  ladled  out,  and  the  crystallisation 
of  fresh  lead  is  continued  till  a  sufficient  quantity  is  colledted 
for  charging  several  pans,  each  containing  a  correspondingly 
less  amount  of  silver;  the  concentrated  leads  are  again 
enriched  when  a  sufficient  quantity  is  coUeAed. 

The  number  of  pans  varies  according  to  the  amount  of 
the  production.  Few  pans,  from  3  to  6,  are  used,  and  in 
this  system  the  |,  as  well  as  the  i,  have  to  be  ladled  out 

*  B.  u.  h.  Ztg.,  1858,  p.  310. 
VOL.   I.  T 
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repeatedly  before  poor  and  rich  lead  result  (Bleiberg) ;  or 
more  pans  are  used,  and  the  |  always  remain  in  the  pans 
(Binsfeldhammer) :  the  remaining  ^  is  about  3  times  as  rich 
as  the  dipped-out  crystals. 

Illustrations  of  the  Low  System  of  Crystallisation. 

1.  At  Binsfeldhammer,  near  Stolberg,  20  pans,  each  2  tons 
in  weighty  are  used ;  each  two  of  them  are  attended  by  two 
workmen,  and  form  a  battery,  i.e.,  two  pans  are  used  for 
one  operation.  The  charge  of  9  tons  of  lead,  containing  on 
an  average  0*05  per  cent  of  silver,  is  quickly  melted ;  a  sample 
is  taken  from  it  for  assay,  the  fire  is  lowered  by  covering 
with  ashes,  &c.,  the  pan  cooled,  and  the  scum  (Sb,  Fe, 
Zn,  &c.)  is  either  skimmed  off  at  once,  or  is  put  into  the 
neighbouring  pan,  and  removed  when  the  lead  has  passed 
once  or  several  times  from  one  pan  to  the  other.  The  dip- 
ping out  of  I  in  crystals,and  the  pouring  of  the  i  into  moulds, 
is  then  effedled  as  above  described. 

If,  for  instance,  the  original  lead  contained  o'l  per  cent 
of  silver,  it  will  be  found  that  the  J  contains  about  0*3  per 
cent,  and  the  f  about  0*07  per  cent.  The  crystallisation  is 
carried  on  until  the  rich  lead  contains  from  i  to  1*5  percent 
of  silver,  and  the  poor  lead  o'ooi  per  cent. 

2.  At  Bleiberg*  only  3  pans  are  used,  and  from  raw  lead 
containing  0*019  P^r  c^^t  of  silver,  a  rich  lead  containing  0*44 
per  cent,  and  a  poor  lead  containing  0*0015  per  cent  of  silver, 
9xe  produced. 

3.  At  Commem  raw  leads  containing  0*4  oz. of  silver  per  cwt. 
are  submitted  to  Pattinson*s  process  in  a  battery  of  6  pans, 
and  a  rich  lead  containing  12  or  13  ozs.  of  silver  per  cwt.  is 
produced. 

CUPELLING  THE  RAW  LEAD. 

The  cupelling  process,  aiming  at  the  extraftion  of  silver 
from  argentiferous  lead,  is  performed  by  keeping  the  raw 
lead  in  a  liquid  state  on  the  hearth  of  a  reverbcratoiy  fur- 
nace, and  admitting  atmospheric  air,  when  oxide  of  lead  will 

•  B.  u.  h.  Ztg.,  1858.  p.  310.  345. 
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be  formed ;  the  oxide  of  lead  colledts  on  the  periphery  of  the 
metallic  bath,  owing  to  the  convex  surface  of  the  lead,  which 
is  therefore  again  exposed  to  the  oxygen  in  its  centre.  If 
now  the  litharge  is  continually  removed  as  it  is  formed,  the 
silver  will  ultimately  remain. 

There  are  two  distindl  methods  of  cupellation  in  common 
use — ^the  German  system  and  the  English  system.  In  the 
German  system  the  hearth  is  formed  of  marl,  or  other 
similar  material ;  it  is  fixed,  and  of  large  dimensions,  and 
the  lead  is  often  added  all  at  once.  In  the  English,  the 
hearth  is  movable,  and  is  carried  upon  a  movable  iron 
frame;  it  is  made  of  bone  ash,  and  its  dimensions  are  com- 
paratively small ;  the  formation  of  the  litharge  is  very  rapid ; 
and  the  lead,  instead  of  being  added  all  at  once,  is  chained 
gradually,  as  the  contents  of  the  hearth  are  oxidised. 

THB  GERMAN   SYSTEM  OP  CUPELLATION. 

This  process  is  carried  on  in  different  places  with  the  fol* 
lowing  modifications : — 

1.  The  charge  of  lead  (from  3  to  ly^  tons)  is  added  all  at 
once  (Hartz,  Przibram,  Ems,  Pontgibaud,  Kongsberg),  or  it 
is  added  gradually  (Freiberg,  Kremnitz,  Lohe,  Holzappel, 
Tamowitz,  Vialas). 

The  latter  plan  possesses  the  following  advantages : — 
There  is  a  saving  of  fuel,  as  the  heat  is  better  economised 
on  account  of  the  longer  operations ;  the  loss  of  metal  is 
less,  as  less  firing  is  required,  and  the  quantity  of  plumbi- 
ferous  hearth — causing  great  loss  by  its  reduftion — is  less 
in  comparison  to  the  litharge  and  cupelled  lead  produced. 

On  the  other  hand,  the  gradual  charging  has  the  disad- 
vantage that  the  resulting  litharge  contains  more  impurities, 
also  the  conduA  of  the  process  is  more  difficult.  This 
plan  is  fit  therefore  for  very  pure  raw  lead,  or  for  impure 
lead  in  cases  where  the  litharge  is  used  for  different  smelting 
processes,  or  if  the  lead  produced  from  it  is  afterwards 
refined. 

2.  In  most  cupelling  furnaces  bright  silver,  containing  from 
5  to  10  per  cent  of  impurities,  is  produced ;  it  is  seldom 
refined  in  these  furnaces  (Hungary,  Siebenbtirgen,  Mahren), 

T  2 
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as  a  volatilisation  of  silver  is  likely  to  take  place.  The 
cupelling  process  is  sometimes  not  carried  on  to  the  brighten- 
ing point,  the  lead  is  only  concentrated  to  a  certain  degree 
to  the  so-called  black  brightening*  (poor  or  concentration 
cupelling),  it  is  tapped  off  by  the  opening  for  litharge,  and 
cupelled  up  to  the  brightening  point  in  a  separate  operation 
(rich  cupelling),  (Hungary,  Joachimsthal,  Holzappel,  Tamo- 
witz).  Only  poor  raw  lead  is  submitted  to  this  process,  t 
giving  a  larger  quantity  of  commercial  litharge,  poor  in  silver. 
If  such  poor  lead  is  at  once  completely  cupelled,  the  amount 
of  resulting  bright  silver  will  be  small,  and  the  produdlion 
of  rich  argentiferous  litharge  great.  If  these  leads  are  con- 
centrated, and  the  rich  leads  are  cupelled,  the  production  of 
rich  litharge  takes  place  only  once.  But  in  most  cases 
Pattinson's  process  has  done  away  with  this  concentration 
cupelling. 

3.  The  usual  fuel  for  the  cupelling  process  on  the  Con- 
tinent is  wood  (bundles  of  brush-wood);  turft  or  coal||  (Tar- 
nowitz,  Vialas,  Mflsen),  is  seldom  used. 

4.  Experiments  made  at  Kongsberg,§  in  which  hot  blast 
was  used,  allowed  a  shortening  of  the  process,  as  the  forma- 
tion of  litharge  was  increased. 

Cupelling  Furnaces. — Those  mostly  used  in  Germany 
ftre  represented  in  Figs.  75,  76,  77,  78.     They  exhibit  the 

Fig.  75. 


•  B.  u.  h.  Ztg.,  1855,  p.  34. 

t  RivoT,  Traitd  de  M^uUurgie,  i860,  ii.,  260. 

iFreiberger  Jahrbuch,  1840,  p.  85. 
Freiberger  Jahrbuch,  1843,  P-  7^-    Erdmann*8  Journ.  f.  ok.  Ch.,  v.,  206 ; 
vi.f  X99»  381-     RivoT,  Traits  de  M^tallurgie,  i860,  ii.,  599-    B.  u.  h.  Ztg., 
1863,  p.  92. 

§  B.  u.  h.  Ztg.,  1855,  p.  106 ;  i86a,  p.  437. 
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Fig.  77. 


JFiG.  78. 


furnaces  of  the  principal  smelting  works  in  the  Hartz, 
and  the  following  parts  must  be  distinguished;  i,  (Fig. 
77)  is  the  masonry  of  the  foundation ;  2,  are  flues  for  the 
escape  of  moisture ;  3,  stone  covers  over  the  flues ;  4,  bed 
of  hard  rammed  scoriae ;  3,  bricks  set  on  end,  to  form  the 
permanent  area  of  the  furnace  ;  6,  the  sole,  formed  of  wood 
ashes,  washed,  dried,  and  beaten  down;  k,  dome  of  iron 
plate,  movable  by  a  crane,  and  susceptible  of  being  lined 
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two  inches  thick  with  loam;  »,  «,  tuyeres,  either  for  two 
bellows,  or  some  other  kind  of  blast  machine ;  if  bellows 
are  used,  they  have  valves  suspended  before  the  orifices  to 
break  and  spread  the  blast;  g^  door  for  introducing  the 
charge  of  lead  into  the  furnace ;  s  (Fig.  76),  two  bellows, 
like  those  of  a  smith's  forge  ;  y^  door  of  the  fire-place, 
through  which  billets  of  wood  are  thrown  on  to  the  grate ; 
«,  small  aperture  or  door,  for  giving  egress  to  the  frothy 
scum  of  the  cupellation,  and  the  litharge ;  jbt,  safety  basin, 
usually  covered  with  a  stone  slab,  over  which  the  litharge 
falls ;  the  basin  is  left  open  to  receive  the  rich  lead  in  case 
of  accident. 

Other  cupelling  furnaces  will  be  described  in  course  of  the 
description  of  the  cupellation  process. 

Manipulations  of  the  Cupelling  Process. 
In  this  process  the  following  periods  may  be  observed : — 
The  Formation  of  the  Hearth. — The  m^ss  supporting 

the  lead  which  is  to  cover  the  hearth  of  refraftory  bricks 

must  be  of  the  following  nature : — 

a.  It  must  not  contain  substances  having  a  reducing 
action  upon  the  oxide  of  lead. 

b.  It  must  not  alter  in  any  way  under  the  influence  of  the 
heat. 

c.  It  must  be  able  to  absorb  some  oxide  of  lead,  without 
forming  a  chemical  combination  with  it. 

Suitable  materials  are  washed  wood  ashes  (usually  with 
an  addition  of  burned  lime),  and  marl.  Marl  is  now  almost 
universally  used,  as  best  fulfilling  the  above-named  condi- 
tions, and  it  is  also  cheaper  than  wood  ashes. 

The  marl  is  pounded  and  sifted,  and  is,  while  still  in  a 
moist  condition,  beaten  by  appropriate  tools  into  the  desired 
shape,  that  is,  circular  like  the  body  of  the  furnace,  and 
hollowed  regularly,  like  a  large  saucer,  from  the  edges 
toward^  the  middle.  In  the  middle  of  the  hearth  a  circular 
deepening  is  cut  from  lo  to  30  inches  in  diameter,  and  from 
J  to  i^  of  an  inch  deep.  The  formation  of  a  good  hearth 
requires  much  pradtice  and  skill.     If  the  hearth  is  too  flat 
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the  formation  of  litharge  is  retarded,  but  the  metal  brightens 
quicker  than  on  a  deeper  hearth.  Again,  a  deep  hearth  offers 
too  small  a  surface  of  metal,  and  consequently  the  process 
is  prolonged  and  more  fuel  is  consumed ;  where  the  hearth  is 
uneven  some  raw  lead  and  litharge  will  remain,  causing 
a  loss  of  metaL  The  hearth  must  also  be  beaten  so  hard 
that  no  impression  can  be  made  upon  it  by  the  fingers.  If 
it  is  too  loose  it  will  absorb  too  much  oxide  of  lead  and  silver, 
and  if  it  is  too  hard  it  will  crack.  Also,  if  too  dry  when 
beaten  in,  it  will  cause  the  formation  of  scales  which  allow 
the  metal  to  soak  in  ;  and  it  must  be  sufficiently  thick,  for 
the  metal  not  to  penetrate  it.  In  Freiberg  the  hearth  is  8 
inches  thick  in  the  middle,  and  9  inches  on  the  edges. 

The  Charging  of  the  Raw  Lead  is  done  while  the 
cap  of  the  furnace  is  removed,  and,  as  before  mentioned, 
the  whole  quantity  is  added  either  at  once  or  gradually. 
When  it  is  added  gradually  only  part  of  the  raw  lead  is  first 
charged,  and  the  after-charging  commences  when  the  for- 
mation of  litharge  begins,  and  is  efFedted  either  continuously 
in  small  quantities,  or  by  adding  the  remaining  raw  lead  all 
at  once,  putting  it  upon  the  edge  of  the  hearth,  from  whence 
it  will  gradually  melt. 

In  Freiberg  the  charged  lead  is  covered  with  wood  or 
glowing  coals.    Then  the  cap  is  fixed  on  the  furnace. 

Melting  the  Lead  is  condudled  at  a  gradually  rising 
temperature ;  it  is  a  sort  of  liquation  process,  as  the  pure 
raw  lead  melts  and  the  other  less  fusible  substances  swim 
on  the  surface  of  the  metallic  bath.  This  covering  (abzug) 
consists  partly  of  substances  mechanically  intermixed  with 
the  raw  lead,  and  partly  of  lead,  copper,  zinc,  antimony,' 
arsenic,  silver,  &c.,  either  in  an  oxidised  or  a  sulphuretted 
state.  As  no  blast  is  used  during  melting,  the  coating 
contains  little  oxide  of  lead,  which  accounts  for  its  being 
difficult  to  fuse. 

After  this  scum  is  removed  a  stronger  fire  is  given,  and 
the  blast  put  on,  then  another  scum  is  formed  upon  the  sur- 
face of  the  metallic  bath  (abstrich).  At  first  the  scum  is 
frothy,  black,  and  of  a  shining  metallic  appearance,  but  at 
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the  end  of  this  period  it  becomes  greyish  and  greenish-yellow 
and  compadl.  It  contains  metallic  and  oxidised  lead,  besides 
all  the  easily  oxidising  metals  which  were  originally  in  the 
raw  lead  (zinc,  iron,  bismuth,  antimony,  arsenic,  &c.).* 
While  removing  the  abstrich,  the  temperature  as  well  as  the 
blast  is  increased  in  order  to  facilitate  the  scorification.  The 
quantity  of  abstrich  formed  depends  on  the  purity  of  the 
lead.  As  soon  as  the  dark  colour  disappears,  and  the  frothy 
consistence  has  changed  into  a  tougher  one,  the  zinc,  iron, 
and  copper  are  mostly  removed,  and  the  abstrich  then  con- 
sists chiefly  of  antimoniate  of  lead,  of  a  greenish  brown 
colour.  In  proportion  as  this  separates,  the  yellow  colour  of 
the  pure  oxide  of  lead  will  appear,  flowing  thinner  upon  the 
sole  of  the  smelting-house,  and  commencing  to  solidify  as 
soon  as  it  leaves  the  furnace.  All  this  time  the  tempera- 
ture and  blast  are  somewhat  lowered.  Where  it  is  intended 
to  add  rich  silver  ores  it  is  done  at  this  time  (page  218). 

The  Formation  of  Litharge. — ^The  litharge  is  allowed  to 
run  off  by  the  small  opening ;  its  passage  is  aided  by  a  hook, 
and  the  workman  digs  a  gutter  in  the  floor  of  the  furnace  to 
facilitate  its  escape. 

When  the  antimony  has  not  been  removed  by  the  abstrich 
the  formation  of  litharge  is  rendered  difficult,  as  lead  does 
not  oxidise  sooner  than  antimony;  and  the  antimony  is 
only  extracted  by  a  long  continued  and  moderate  fire,  its 
removal  being  only  effedted  by  volatilisation  and  scorification. 

At  this  period  of  the  formation  of  litharge  the  three  fol- 
lowing points  are  chiefly  of  importance : — 

a.  Judicious  Firing. — ^The  temperature  is  generally  kept 
moderate  during  this  period,  to  avoid  as  far  as  possible  a 
volatilisation  of  lead  and  silver,  and  to  prevent  a  waste  of 
the  fire-bridge  and  gutter,  as  otherwise  the  raw  lead  would 
flow  out.  If  the  temperature  is  low  the  process  will  proceed 
too  slowly ;  the  oxidised  silver  which  has  entered  into  the 
slightly  fusible  litharge  comes  less  easily  into  contaft  with 

•  Erdmann,  Jouni.  f.  8k.  Ch.,  !.,  48,  63,  72.  Bbrthier,  Probirkunst,  i., 
328.  Dingler'8  polyt.  Joum.,  xxix.,  139.  Poooendorp's  Ann.,  xv.,  278. 
BoDEMANN,  Kerl*s  Probifkunst,  p.  292.  BbR2blius»  Jahrbuch,  ix.,  133.  Ann. 
d.  Mines,  z,  g^r.,  viii.,  903. 
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metallic  lead,  and  cannot  be  reduced,  therefore  cupelling 
processes  carried  on  at  too  low  a  temperature  produce 
litharge  rich  in  silver ;  and,  besides,  the  litharge  in  the  gutter 
is  then  not  sufficiently  urged  forward  by  the  blast,  and  does 
not  flow  out  readily.  When  the  temperature  is  too  high  great 
loss  of  silver  and  lead  will  take  place,  and  as  the  litharge  is 
very  hot  and  in  a  high  state  of  fusibility,  a  large  portion  of 
it  will  be  imbibed  by  the  hearth. 

Towards  and  at  the  end  of  the  process  there  appears  in 
the  circumference  of  the  litharge  a  development  of  bubbles, 
caused  by  moisture  and  carbonic  acid  emitted  from  the  hearth. 
In  Holzappel  this  is  avoided  by  a  longer  warming  of  the 
hearth. 

As  a  general  rule,  the  firing  during  the  formation  of  litharge 
must  be  strong  at  the  beginning,  then  lower,  and  stronger 
again  towards  the  end,  as  the  alloy  becomes  more  difficult  to 
fuse  in  proportion  as  more  lead  is  extradted,  and  the  space 
in  the-  furnace  becomes  more  open. 

The  temperature  may  be  chiefly  judged  by  the  colour 
and  the  degree  of  fusibility  of  the  litharge,  and  also  by  the 
amount  of  fume  formed.  If  the  temperature  is  too  high  a 
thick  lead  fume  will  show  itself  on  the  surface  of  the  metal 
bath ;  the  litharge  runs  rapidly  into  the  gutter,  and  flows 
down  to  the  floor  of  the  smelting-house  without  chilling.  If 
the  temperature  is  too  low  the  lead  fume  will  almost  dis- 
appear ;  the  litharge  gets  dark  in  places,  and  chills  before 
flowing  out.  If  the  temperature  is  right,  enough  fume  will 
be  formed  to  allow  at  least  half  of  the  hearth  to  be  seen. 

b.  A  proper  Pressure  of  the  Blast. — The  pressure  of 
the  blast  must  be  highest  during  the  period  of  the  forma- 
tion of  abstrich ;  it  is  lowest  at  the  commencement  of  the 
formation  of  litharge,  and  is  increased  towards  the  end  of 
this  period,  chiefly  just  before  the  brightening  point. 

The  metal  bath  should  be  always  surrounded  by  a  brim  of 
litharge  from  i  to  i^  feet  broad ;  if  it  is  too  large  it  will  pre- 
vent the  further  oxidation  of  the  lead,  and  if  too  small,  the 
volatilisation  of  lead  and  silver  will  be  greater,  and  lead  is 
likely  also  to  flow  out  together  with  the  litharge.    According 
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to  Schreder,*  the  melting  point  of  litharge  is  981%  whilst 
lead  volatilises  at  a  temperature  a  little  higher  than  its  melt- 
ing point  (322'').  During  the  cupelling  process  a  temperature 
of  more  than  gSd*  must  be  kept  up  in  order  to  retain  the 
litharge  in  a  liquid  state,  therefore  as  much  as  possible  of 
the  metal  bath  should  be  kept  covered  by  litharge,  so  as  to 
prevent  too  great  a  loss  of  lead. 

The  blast  may  be  conducted  in  different  directions  by 
means  of  the  movable  iralves  suspended  before  the  tuyeres. 
At  the  commencement  of  the  formation  of  litharge  the  blast 
from  both  tuyeres  is  driven  in  opposite  directions,  and  its 
direction  is  modified  according  to  the  state  of  the  litharge. 
Towards  the  end  of  the  process  the  blast  should  cross  behind 
the  gutter :  occasionally  only  one  tuyere  is  used. 

c.  A  proper  Arrangement  of  the  Gutter  for  Litharge. — 
If  the  gutter  is  too  deep  the  raw  lead  will  probably  flow  out 
with  the  litharge,  and  if  too  shallow,  too  much  litharge  col- 
lefts  upon  the  metal  bath,  preventing  the  aClion  of  the  blast 
upon  it,  causing  a  loss  of  time,  fuel,  and  lead,  and  the  for- 
mation of  too  thick  a  hearth ;  in  such  case  a  second  gutter 
is  cut.  On  account  of  the  different  temperatures  the  gutter 
is  formed  on  the  side  opposite  to  the  tuyeres  at  the  com- 
mencement of  the  process,  and  on  the  side  of  the  fire-place 
at  the  end  of  the  process. 

The  litharge  is  composed  differently  according  to  the 
periods  at  which  it  is  produced.  In  this  respeCt  it  may  be 
thus  classified : — 

a.  The  First  Litharge. — ^This  litharge  is  cupriferous  and 
very  impure,  and  therefore  unfit  for  selling  or  reducing,  and 
is  usually  added  to  the  original  ore  smelting  process.  This 
litharge  is  generally  of  a  brown  or  green  colour,  owing  to  the 
presence  of  copper  and  iron.  Rich  leads,  which  have  been 
treated  by  Pattinson's  process,  frequently  give  a  ferruginous 
gfreen  litharge,  the  iron  being  probably  derived  from  the  pan. 
Copper  and  lead  seem  to  have  an  equally  strong  afiinity 
for  oxygen,  as  there  is  a  certain  amount  of  copper,  though 
a  decreasing  one,  in  litharge  from  the  commencement  to 

•  B.  u.  h.  2tg.,  x86o,  p.  432. 
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the  end  of  the  process.  A  certain  quantity  of  suboxide  of 
copper  renders  litharge  thinner,  but  also  more  difficult  to  fuse. 
Berthier  has  observed  that  when  melted  together  with  lead, 
suboxide  of  copper  will  oxidise  the  lead  in  accordance  with 
the  general  supposition  that  copper  has  less  affinity  for 
oxygen  than  lead. 

These  apparently  paradoxical  fadts  are  founded  on  the  fol- 
lowing law : — When  smelting  one  of  the  oxidisable,  so-called 
ignoble,  metals  (such  as  lead)  together  with  the  oxide  of 
another  of  these  metals  (oxide  of  copper),  there  will  result 
at  least  a  partial  oxidation  of  the  former,  the  relative  quantity 
of  the  oxide  formed  depending  on  the  relative  quantity  of  the 
oxide  employed,  and  also  on  the  proportional  degree  in  which 
the  eledtro-positive  metal  stands  to  the  oxide,  and  vice  versa, 
the  eledtro-negative  oxide  to  the  metal.  Thus,  oxide  of  copper 
will  oxidise  lead,  and  oxide  of  lead  will  oxidise  copper,  ac- 
cording to  which  of  the  oxides  is  present  in  excess. 

b.  Poor  Litharge. — ^This  has  a  yellow  colour  when  flowing 
out  of  the  furnace,  and  formed  into  a  lump.  To  form  a  lump, 
the  litharge  is  allowed  to  colledt  before  the  furnace  on  the 
floor  of  the  smelting-house  till  it  forms  a  thick  mass  of  i  or 
ij-tons  weight,  when  it  is  removed.  If  these  lumps  are 
allowed  to  cool  slowly,  they  crack  on  all  sides,  showing  inside 
the  cracks  a  red,  scaly,  easily  friable  mass  {red  litharge,  gold 
litharge,  commercial  litharge),  while  the  quickly  chilling  crust 
retains  its  original  colour  and  cohesion,  forming  pieces  more 
or  less  thick  (yellow  litharge,  silver  litharge).  Both  have 
the  same  composition,  and  the  reason  of  their  different  states 
of  aggregation  is,  according  to  Foumet  and  Levol,  that  the 
liquid  litharge  absorbs  oxygen  in  the  cupelling  furnace  like 
silver,  and  lets  the  oxygen  escape  when  cooling  by  the 
abundant  cracks  which  form ;  the  isomeric  red  modification 
of  litharge  is  thus  produced  in  a  manner  not  yet  understood. 
This  case  resembles  the  formation  of  vitreous  and  amorphous 
arsenious  acid,  red  and  yellow  iodide  of  mercury,  &c. 

Impure  litharge  gives  little  or  no  red  litharge  when  cool- 
ing, as  the  property  of  absorbing  oxygen  is  probably  absent. 
Impure  litharge  also  requires  a  higher  temperature  to  keep 
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it  liquid,  and  will  not  form  lumps,  but  runs  out  of  the  fur<- 
nace  upon  the  floor,  where  it  quickly  chills. 

The  red  litharge  is  not  so  fit  for  reduAion  as  for  several 
technical  applications,  on  account  of  its  fine  state  of  divi- 
sion. Yellow  litharge  is  better  adapted  for  reducing,  owing 
to  its  greater  cohesion. 

The  prodwStion  of  red  litharge  may  be  assisted  by  making 
the  fluid  litharge  run  int6  large  iron  pots  resting  upon  wheels. 
It  is  then  carried  in  larger  masses  into  the  fresh  air,  and 
allowed  to  cool  in  a  draught.  The  fluid  lithargei  is  also  made 
to  run  into  a  basin  formed  of  marl  close  before  the  furnace. 
When  the  lumps  coUeAing  in  it  weigh  a  ton  or  more  they  are 
taken  out  when  still  in  a  pasty  state,  and  allowed  to  cool 
in  the  draught  of  air  (F.  Wimmer,  Vialas).  This  method 
also  allows  a  separation  of  the  liquid  lead  from  litharge.  On 
the  Upper  Hartz  most  red  litharge  is  produced  when  several 
lumps  are  put  together  for  cooling ;  the  produce  of  red  litharge 
is  larger  in  winter  than  in  summer. 

If;  on  the  contrary,  the  production  of  red  litharge  is  to  be 
avoided,  lumps  are  not  formed,  but  the  litharge  as  it  flows 
out  of  the  furnace  is  divided  into  small  portions,  and  water 
is  poured  over  it ;  or  the  litharge  is  made  to  run  over  an 
inclined  iron  plate  that  it  may  chill  quickly  without  forming 
lumps. 

The  lumps  are  usually  pounded  with  a  hammer  and  sifted, 
so  as  to  separate  pieces  of  yellow  litharge  and  intermixed 
grains  of  lead. 

Yellow  litharge  is  prepared  for  commerce  by  grinding  and 
washing. 

c.  Last  (rich)  Litharge. — Litharge  containing  o'oi  per 
cent  of  silver  and  upwards  is  called  rich,  and  is  produced 
towards  the  end  of  the  process ;  the  amount  of  rich  litharge 
produced  depends  on  the  skill  of  the  workmen. 

If  the  raw  lead  contains  bismuth,  this  mostly  oxidises 
towards  the  end  of  the  process,  forming  a  green  coloured 
litharge,  from  which  the  bismuth  may  advantageously  be 
extra(5ted  by  Patera's  process. 

The  Period  of  Brightening. — Owing  to   oxidation  the 
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liquid  metal  attains  a  higher  temperature  than  the  interior  of 
the  furnace,  and  this  temperature  is  slightly  increased  as  the 
operation  proceeds,  owing  to  the  temperature  produced  by  the 
oxidation  of  the  lead  being  concentrated  in  a  smaller  mass  of 
metal.  In  consequence  of  this,  some  time  before  the  end  of 
the  process,  when  rich  litharge  is  produced,  the  alloy  appears 
brighter  than  the  surrounding  hearth ;  but  this  brightness 
decreases  as  less  lead  is  contained  in  the  silver.  If  the 
litharge  is  not  present  in  sufficient  quantity  to  cover  the 
whole  surface  of  the  silver,  it  will  appear  as  a  coherent 
net-work,  through  the  meshes  of  which  the  silver  shines 
brightly.  As  these  contrasts  of  light  and  shade  also  assume 
the  appearance  of  flowers  and  cloud-like  drawings,  this 
phenomenon  is  called  the  flowering  of  the  silver.  These 
different  appearances  at  last  disappear,  the  net  seems  to 
break,  and  single  globules  of  litharge  run  towards  the  edges 
of  the  silver  owing  to  its  convex  surface,  and  the  silver 
appears  of  a  uniform  light  and  bright  colour ;  this  is  called 
the  brightening  or  lightening  of  the  silver.* 

This  brightening  does  not  require  the  silver  to  stand  in  a 
certain  proportion  to  the  lead,  but  depends  on  several  circum- 
stances, chiefly  the  temperature,  but  also  on  the  pressure  of 
blast  (which  must  be  lessened  at  this  period),  on  the  greater 
or  less  depth  of  the  hearth,  &c.,  &c.  It  brightens  sooner  at 
a  low  temperature  than  at  a  high  one,  and  less  quickly  on 
hearths  of  marl,  in  which  the  metal  becomes  finer,  than  in 
hearths  of  ashes.  It  is  in  most  cases  advisable  to  use  a 
somewhat  deeper  hearth,  thus  causing  a  greater  consumption 
of  fuel,  but  less  loss  of  silver,  than  a  flatter  hearth.  The 
brightened  silver  is  more  or  less  impure  according  to  whether 
its  lightening  is  more  or  less  hurried.  It  may  contain  from 
3  to  6  per  cent  and  more  of  foreign  substances,  chiefly  lead. 

The  further  purification  of  this  silver  is  seldom  effefted  in 
the  cupelling  furnace,  and  if  so,  it  is  in  continuation  of  the 
former  process.  The  heat  is  greatly  increased,  which  causes 
the  silver  to  take  a  strongly  rotating  movement ;  the  blast  is 

*  DiNOLBR*s  Polyt.  Joum.,  Bd.  108,  p.  287.  B.  u.  b.  Ztg.,  1847,  P*  ^^^' 
Bgwksfr.,  x.|  67. 
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conduced  against  the  edges  of  the  liquid  silver  till  a  suf- 
ficient fineness  is  obtained  (Hungary,  Siebenbtirgen).  This 
operation  is  difficult  and  expensive,  causing  great  loss  of 
silver  and  a  large  consumption  of  fueL  In  Mtisen*  the  silver 
is  refined  in  the  cupelling  furnace  in  about  |  of  an  hour  or 
I  hour  without  the  use  of  blast ;  this  is  mostly  effedled  in 
smaller  hearths,  in  which  the  heat  is  better  concentrated,  or 
in  crucibles. 

After  the  silver  has  brightened  it  is  cooled  first  with  warm 
and  then  with  cold  water.  It  was  found  at  Pontgibaudt  that 
by  cooling  with  water,  silver  formed  roots  in  the  hearth,  and, 
therefore,  the  silver  is  better  cooled  by  conducing  a  cold  blast 
over  it  after  having  raked  out  the  fire  and  opened  the  doors. 
If  the  silver  is  cooled  neither  by  water  nor  by  blast,  the 
edges  of  the  silver,  which  usually  contain  more  lead  than  the 
middle,  swell  up ;  the  brightened  silver  is  seldom  ladled  out 
(Kongsberg). 

After  the  hearth  has  cooled,  for  which  purpose  the  dome 
must  be  removed,  it  is  examined  for  silver  roots,  grains,  or 
flaws,  and  is  then  broken  with  a  hammer ;  it  will  be  found 
impregnated  with  litharge  and  abstrich.  The  outer  crust  of 
litharge,  which  is  2  or  3  inches  thick,  is  of  radiated  texture, 
and  very  compadl  and  hard.  It  is  worked  up  either  by  itself 
or  in  admixture  at  the  ore  smelting  processes.  The  part  of 
the  hearth  beneath  the  crust  is  used  again  in  Qombination 
with  some  fresh  marl  for  the  formation  of  the  new  hearth. 

The  cupelling  process  is  controlled  either  by  assaying  the 
raw  lead  and  brightened  silver,  or  by  carrying  on  two  pro- 
cesses in  different  furnaces  at  the  same  time  with  the  same 
quantity  of  raw  lead,  allowing  for  a  certain  difference  in  the 
yield,  which  is  more  by  a  or  3  per  cent  in  comparison  with 
the  assay  when  wood  has  been  used,  but  is  less  when  using 
coal.  Cylinder  blast  engines  alsQ  give  a  better  yield  than 
bellows. 

The  cupelling  process  causes  loss  of  silver  and  of  lead. 

The  loss  of  silver  takes  place — 

*  B.  u.  h.  Ztg.,  1863,  p.  92. 
t  B.  u.  h.  Ztg.,  1851,  p.  360. 
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a.  By  volatilisation,*  the  silver  being  volatilised  deposits 
in  an  oxidised  state  as  a  red  fume. 

b.  By  entering  into  combination  with  the  litharge  and  the 
hearth  in  an  oxidised  state,  from  which  it  can  only  be  partly 
regained.  The  litharge  contains  oxidised  silver,  which  may 
be  proved  by  extracting  the  silver  by  means  of  ammonia,  t  and 
as  the  amount  of  silver  in  poor  litharge  is  pretty  constant 
(about  0*001  to  0*004  P^^  cent),  it  is  not  to  be  supposed  that 
this  amount  has  always  originated  from  intermixed  raw  lead. 

According  to  Foumet's  |  experiments,  silver  becomes  oxi- 
dised by  oxide  of  lead,  and  remains  as  such  as  long  as  it  is 
in  conta<5l  with  the  oxidised  lead,  although  free  oxide  of  silver 
is  reduced  at  a  comparatively  low  temperature.  The  loss  of 
silver  is  increased  when  the  cupelling  is  too  hot,  too  cold,  or 
too  quick. 

c.  By  a  mechanical  inclosing  of  raw  lead,  chiefly  in  the 
last  period. 

The  loss  of  lead  takes  place  by  volatilisation,  either — 

a.  Direct  by  the  influence  of  the  high  temperature  and 
blast  in  the  cupelling  furnace.  Condensation  apparatus  has 
been  lately  successfully  used  for  condensing  the  lead  fume, 
(Pontgibaud,  Tamowitz,  Freiberg,  &c.) 

Reinecker  |I  has  used  the  waste  flame  of  cupelling  furnaces 
for  burning  bricks  and  tiles,  which  are  at  the  same  time 
glazed  by  the  lead  fume. 

The  loss  of  lead  (6  to  12  per  cent)  increases  if  the  process 
is  carried  on  too  slowly,  or  at  too  high  a  temperature,  and 
is  greater  when  using  coal  than  when  using  wood. 

b.  Indirect^  as  it  is  mostly  necessary  to  reduce  again 
litharge  and  hearth,  and  this  cannot  be  done  without  loss. 

Illustrations  of  the  German  Cupelling  Process. 
I*  Cupelling  without  After-charge. 
With  Wood.— At  the  Lead  Works  at  the  Upper  Hartz.§ 
At  Clausthal  one  operation  with  a  charge  of  8^  tons  of  raw 

*  Lampadxus,  in  Erdmann^s  Journ.  f.  ok.  Chemie,  iv.,  aSi. 

f  Erdmann^s  Journ.  f.  pr.  Chemie,  xvi.,  201. 

X  Erdmanm's  Journ.  f.  5k.  Chemie,  i.,  49,  80. 

II  Bergwkfd.,  xi.,  617. 

§  Kbrl,  Oberharzer  Huttenprocesse,  i860. 
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lead  in  a  cupelling*  furnace  lo  feet  wide  and  with  a  movable 
iron  cap,  requires  about  32  hours,  namely,  3  for  the  formation 
of  the  hearth,  from  2^  to  3  for  smelting,  2  for  the  first  heating 
of  raw  lead,  from  2  to  4  for  the  formation  of  abstrich,  and  22 
hours  for  the  formation  of  litharge.  The  loss  of  lead  is  6^ 
or  7  per  cent,  and  26  lbs.  of  brightened  silver  containing  93 
per  cent  of  silver  are  produced ;  besides  6J  tons  of  poor 
litharge  containing  0*0012  per  cent  of  silver  and  90  per  cent 
of  lead ;  16  cwts.  of  dross  (first  and  last  litharge)  containing 
0*0015  per  cent  of  silver,  and  90  per  cent  of  lead ;  15  cwts.  of 
abstrich  containing  0*0012  per  cent  of  silver  and  80  per  cent 
of  lead ;  and  i|  tons  of  hearth  ends  containing  0*0175  per 
cent  of  silver  and  57  per  cent  of  lead.  720  bundles  of  brush- 
wood (each  42  inches  long,  30.  inches  in  circumference,  and 
from  8  to  12  lbs.  weight)  are  consumed.  The  cost  of  the 
process  amounts  to  £4  14s.  2d. 

At  the  lead  works  of  the  Lower  Hartz*  the  cupelling  is 
done  in  furnaces  with  a  fixed  cap  and  with  a  charge  of 
9  tons  of  very  impure  raw  lead.  One  operation  requires 
from  28  to  34  hours,  consuming  about  480  bundles  of  brush- 
wood, producing — 

18*855  ^bs.  of  brightened  silver;  1*44  cwts.  of  commercial 
litharge;  120*35  cwts.  of  reducing  litharge  containing  86  to  90 
per  cent  of  lead  and  0*031  to  0*062  oz.  of  silver;  6*03  cwts.  of 
abstrich  containing  74  to  90  per  cent  of  antimonial  lead  and 
0*062  to  0*186  oz.  of  silver ;  36*91  cwts.  of  abzug  containing  74 
to  88  per  cent  of  lead  and  from  0*75  to  1*37  ozs.  of  silver;  and 
28*11  cwts.  of  hearth  ends  containing  from  68  to  85  lbs.  of 
lead  and  0*062  to  0*125  oz.  of  silver.  The  total  loss  of  lead  in 
the  cupelling  and  reducing  processes  amounts  to  13  per  cent. 

At  Przibramt  6  tons  of  raw  lead,  containing  from  8  to  21 
ozs.  of  silver,  are  cupelled  in  furnaces  with  oval  hearths  9^ 
and  7  feet  in  length  respeftively.  The  hearth  is  formed  of  a 
mixture  of  200  lbs.  of  powdered  limestone  and  50  lbs.  of  white 
loam. 

5  tons  of  raw  lead  containing  10  ozs.  of  silver  yield,  with  a 

*  Kerl,  die  Rammelsberger  Huttenprocesse,  1861. 
f  Oesterr.  Ztschr.,  1856,  p.  343. 
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consumption  of  189*9  cubic  feet  of  wood  : — 5*4  cwts.  of  ab- 
strich  ;  8*26  cwts,  of  black  litharge  containing  25  per  cent  of 
oxide  of  antimony ;  75'28  cwts.  of  commercial  litharge  ;  477 
cwts.  of  rich  litharge;  15*58  cwts.  of  hearth  ends ;  and  61  lbs., 
2  J  ozs.  of  brightened  silver. 

At  the  lead  works  at  Ems  the  cupelling  furnace  is  12  feet 
in  diameter,  and  is  furnished  with  two  tuyeres.  The  hearth 
is  formed  of  a  mixture  of  3  parts  of  lime  and  i  part  of  loam. 
One  charge  consists  of  17^  tons  of  raw  lead  containing  i'8 
ozs,  of  silver  per  cwt.,  and  the  time  required  for  the  opera- 
tion is  from  52  to  60  hours,  including  12  hours  for  warming. 
After  having  melted  the  lead,  the  dross  formed  (abzug)  is 
removed,  and  for  about  3  hours  abstrich  is  formed  by  the 
influence  of  blast,  and  is  skimmed  off.  The  blast  is  then  re- 
moved for  an  hour,  and  the  litharge  is  taken  away  as  often 
as  the  metal  bath  is  found  to  be  covered  with  it. 

Five  tons  of  raw  lead,  with  a  loss  of  3*40  per  cent  of  lead  and 
2*24  per  cent  of  silver,  yield  88*36  cwts.  of  litharge  contain- 
ing 8i'99  per  cent  of  lead  (including  29*12  per  cent  of  red 
litharge) ;  6*59  cwts.  of  abstrich  containing  58*9  per  cent  of 
lead ;  and  13*41  cwts.  of  hearth  ends,  consuming  about  800 
bundles  of  brush-wood. 

The  loss  of  lead  upon  5  tons  of  raw  lead  amounts  to — 

In  the  cupelling  process 3*40  per  cent. 

„     liquation  process  of  the  abstrich      .     .    cio      „ 
„     reducing  „  „       residues  0*45      „ 

M  y,  „         litharge .     .     .     1*49      „ 

„  „  „         residues      .    .    0*12      „ 

Total    ....    5*56  per  cent. 

As  5  tons  of  raw  lead  yield  7*11  cwts.  of  lead  produced 
from  abstrich  and  the  residues  which  are  again  cupelled, 
causing  a  loss  of  5*56  per  cent,  the  total  loss  amounting  to 
5*95  per  cent. 

At  Pontgibaud*  the  cupelling  process  is  carried  on  in  fur- 
naces 3  metres  in  diameter,  furnished  with  3  tuyeres,  which 
are  dire<5led  upon  the  opening  whence  the  litharge  runs  off. 

♦  B.  u.  h.  Ztg.,  185 1,  p.  345,  375. 
VOL.  I.  u 
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The  material  for  the  hearth  is  a  mixture  of  5  parts  of  marl 
lime>  I  of  slaked  lime>  and  i  of  clay.  One  charge  consists 
of  9  tons  of  raw  lead,  and  the  process  takes  84  hours,  in- 
cluding the  formation  and  charging  of  the  hearth ;  altogether 
the  blast  is  in  adlion  39  hours.  During  the  formation  of 
litharge  12  cubic  metres  of  blast  are  thrown  in,  and  towards 
the  end  of  the  process  from  9  to  10  cubic  metres.  The 
litharge  is  made  to  run  into  cast-iron  pots  with  a  capacity  of 
from  360  to  400  lbs. 

The  loss  of  lead  amounts  to  6*25  per  cent,  and  i  ton  of 
raw  lead  yields — 

7'6  to  8'2  lbs.  of  brightened  silver,  containing  90  to  92  per 
cent  of  silver. 

640  to  650  lbs.  of  abstrich,  hearth,  and  abzug,  containing 
about  60  per  cent  of  lead. 

1530  to  1550  lbs.  of  litharge,  containing  92  per  cent  of 
lead. 
The  consumption  of  fuel  is  750  bundles  of  brush-wood. 

A  similar  process  is  used  in  Poullaouen.* 

At  Kongsberg  t  a  charge  of  from  3  to  3^  tons  of  raw  lead 
(page  236),  containing  about  15  percent  of  silver,  is  cupelled 
in  furnaces  6  feet  in  diameter.  The  hearth  of  the  furnaces 
is  formed  of  4  parts  limestone  and  i  loam.  The  blast  is 
heated  up  to  200**  C,  and  the  process  is  finished  in  from 
5I  to  7  hours,  causing  a  loss  of  from  o'2  to  0*4  lbs.  of  lead 
per  lb.  of  fine  silver  produced.  The  hot  blast  not  only 
causes  a  great  saving  of  time  and  fuel,  but  also  admits  of  the 
cupelling  of  raw  leads  difficult  to  fuse,  containing  10  or  12  per 
cent  of  copper;  1,000  lbs.  of  lead  are  oxidised  hourly.  The 
brightened  silver  is  ladled  into  moulds,  and  only  the  last 
remaining  silver  is  allowed  to  cool  in  the  furnace. 

B.  With  Coal. — At  the  Tamowit^  Works  the  rich  leads 
obtained  in  Pattinson's  process  are  cupelled,  and  the  anti- 
monial  slag  and  abstrich  lea^s  poor  in  silver  are  submitted 
to  a  concentrating  cupellation  for  extracting  their  antimony ; 
they  are  then  submitted  to  Pattinson's  process ;  part  of  the 
litharge  produced  is  also  sold  as  such. 

*  RivoT,  Trait6  de  M^tallurgie,  z86o,  ii.  644.    B.  u.  h.  Ztg.,  1859,  p.  350. 
t  B.  u.  h.  Ztg.,  1855,  p.  106,  117 ;  1862,  p.  437. 
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The  hearth  of  the  cupelling  furnace  is  formed  of  a  mixture 
of  2  or  2^  parts  of  chalky  clay  and  ^  part  of  pulverised 
fire  clay,  and  is  construdled  deeper  for  rich  cupelling  than 
for  poor  cupelling,  the  better  to  concentrate  the  silver,  which 
then  forms  fewer  roots.  By  an  addition  of  clay  to  the  above 
mixture  the  loss  of  lead  in  the  cupelling  and  reducing  pro- 
cess has  been  diminished  since  1858  to  3*8  per  cent.* 

At  the  rich  cupellation  about  6^  tons  of  raw  lead,  containing 
^'35^  P^i*  cent  of  silver,  are  charged  and  cupelled  in  24  to 
28  hours,  consuming  about  53  cubic  feet  of  coal.  The 
brightened  silver  contains  9375  per  cent  of  silver. 

Five  tons  of  rich  lead  yield — 

21  cwts.  of  abstrich,  hearth,  and  lead  ash. 
90    „      of  litharge. 
128  lbs.  of  brightened  silver. 

The  cost  of  the  silver  in  this  operation  amounts  to  2'4d. 
per  lb. 

The  cupelling  furnace  at  Vialast  is  represented  by  Figs. 
79  and  80.  The  hearth  (h)  consists  of  fresh  and  old  marl  in 
equal  parts.  The  dome  or  cap  (J)  consists  of  an  iron  ring 
filled  up  with  masonry ;  it  is  suspended  by  eight  iron  chains, 
and  may  be  lifted  by  them.  The  furnace  has  one  tuyere  (q), 
which  is  connected  with  condensation  chambers. 


Fio.  79. 


/.xx\i 


C 


Charges  of  from  10  to  15  tons  of  raw  lead,  containing 
about  7'9  ozs.  of  silver  per  cwt.,  are  added ;  10  tons  requiring 

•  B.  u.  h.  Ztg.  i860,  p.  38. 

f  RivoT,  Traits  de  M^tallurgie,  i860,  ii.  581.  599.  RivoT,  M^moire  sur  les 
Filons  de  Galfene  Arg^ntiRre  de  Vialas ;  Annales  des  Mines,  torn.  iv.  1863, 
B.  u.  h.  Ztg.,  1864,  p.  380. 

U   2 
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about  66,  and  15  tons  from  70  to  72  hours*  time.   10  tons  of 
raw  lead  yield — 

93  lbs.  of  brightened  silver,  with  98  per  cent  of  silver. 

270  tons  of  red  litharge. 

5*12     „      yellow  litharge,  with  93  per  cent  oflesid  and  0*085  01.  of  silver  per  cwt. 

024     „      impure  litharge,   „    90        „            „           0*085  „  „          „ 

0-35      „      rich  litharge,        „    93         „            „           0-255  „  „ 

o'8o     „      abstrich,               »f    60        „            „           0*041  „  „          „ 

I-20      „      hearth,                 „    50        „            „          0-170  „  „          „ 

Five  tons  of  raw  lead  consume  19  or  20  tons  of  coal,  and 
the  cost  of  cupelling  i  ton  of  raw  lead  amounts  to  £1  2s.  sd. 

zz.   Cupelling  with  After-charge. 

With  Wood.— At  the  Lead  Works  at  Freiberg,*  the 
upper  hearth  of  the  furnaces  is  formed  of  marl,  and  the  fume 
of  the  furnaces  is  conduced  into  condensation  channels. 
The  first  charge  consists  of  from  5  to  6J  tons  of  raw  lead 
(page  135) ;  this  is  covered  with  wood,  and  smelted  with  a 
blast.  Little  abzug  and  no  abstrich  result,  on  account  of  the 
purity  of  the  lead  which  has  been  previously  refined.  As 
soon  as  the  formation  of  litharge  begins,  the  lead  ash  mixed 
with  the  wood  and  coal  ash  which  are  formed,  is  skimmed 
off,  and  when  about  2J  tons  of  litharge  have  run  out  of  the 
furnace,  the    after-charging  commences,  as  described  on 

•  Plattner-Richter's  Vorlesungen  iibcr  allgemeine  Hiittenkunde,  i.,  207 ; 
ii.  256. 
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page  280,  till  from  i6  to  ijl^  tons  of  raw  lead  are  gradually 
cupelled.  The  blast  is  produced  by  a  cylinder  engine,  and 
Gondufted  without  valves  into  the  furnace.  One  operation 
takes  from  75  to  80  hours*  time,  consuming  about  162  cubic 
feet  of  wood.  The  resulting  brightened  silver,  in  blocks  ol 
from  400  to  600  lbs.  weight,  is  furnished  with  an  iron  plate, 
which  is  put  into  them  when  still  liquid,  in  order  to  facilitate 
the  breaking  of  them. 

At  the  Muldner  smelting  works  there  were  produced  from 
5  tpns  of  raw  lead — 

3'527  cwts.  of  abzug. 

2*807       „        commercial  litharge. 
88708       „        reducing  litharge. 
io'337       „        metalliferous  hearth. 

o-o88       „        abstrich. 

The  cost  of  working  5  tons  of  raw  lead  is  17s.  id.  for  fuel, 
and  13s.  7d.  for  labour. 

At  Kremnitz  the  hearths,  10  or  12  feet  in  diameter,  are 
made  either  of  artificial  or  natural  marl.  They  are  charged 
with  6  tons  of  rich  lead,  and  afterwards  with  4  or  5  tons  more. 
One  operation  lasts  from  48  to  54  hours,  causing  a  loss  of  6 
or  8  per  cent  of  lead  and  J  to  i  per  cent  of  auriferous  silver. 
Five  tons  of  rich  lead  consume  190  cubic  feet  of  soft  wood. 
The  brightened  silver  contains  99*6  per  cent  of  silver. 

At  the  smelting  works  at  the  Altai,*  about  5  tons  of 
raw  lead,  containing  from  about  0*42  per  cent  of  silver  (page 
163)  are  cupelled  in  furnaces  7  feet  in  diameter,  and  having 
a  hearth  of  marl.  When  the  abstrich  is  removed,  so  much  lead 
is  afterwards  added  that  the  total  charge  amounts  to  about 
10  tons.  The  process  takes  2  or  3  days,  causing  a  loss  of  10  or 
12  per  cent  of  lead.  The  produce  is  about  80  lbs.  of  auri- 
ferous brightened  silver,  containing  90  per  cent  of  silver  and 
3  or  3J  per  cent  of  gold,  besides  dross,  litharge,  and  hearth. 

With  Coal. — At  Lohet  (Siegen),  about  1,300  cubic  feet 
of  wood  were  formerly  consumed  in  cupelling  30  tons  of 
lead,  whilst  now  355  cubic  feet  of  coal  and  108  cubic  feet  of 

•  B.  u.  h.  ztg.,  1853,  p.  179. 

t  Preuss.  Ztachr.,  1862,  x.,  aaa.    B.  u.  h.  Ztg.,  i86a,  p.  91. 


Digitized  by  VjOOQ IC 


294  SILVER. 

wood  (for  firing  during  the  last  24  hours)  are  used,  causing 
a  saving  of  £2  5s. 

At  Hokappel  the  German  cupelling  furnace^  with  a  fixed 
cap  and  a  hearth  10  feet  in  diameter,  is  used.  The  hearth  is 
formed  of  i  part  of  clay  and  2  of  limestone,  with  an  addition 
of  ird  of  old  hearth. 

Five  tons  of  lead  are  first  added,  and  heated  gently  for  42 
hours  in  order  to  preserve  the  hearth ;  it  is  then  charged  till 
the  hearth  is  filled,  and  a  strong  fire  is  made  to  melt  the 
lead,  the  blast  being  put  on.  After  having  removed  the  ab- 
strich,  and  when  the  formation  of  litharge  has  commenced, 
the  after-charging  is  continued  till  about  35  tons  have  been 
added  :  the  process  takes  about  10  or  11  days. 

The  litharge  is  made  to  run  out  from  time  to  time  as  the 
metal  bath  becomes  covered  with  it,  and  the  firing  is  so 
regulated  that  the  cupelling  is  conduced  at  as  low  a  temper- 
ature as  possible,  and  a  strong  fire  is  only  given  when  opening 
the  gutter  in  order  to  render  the  litharge  very  liquid.  This 
treatment  is  said  to  diminish  the  loss  of  lead  and  silver. 
Two  gutters  are  alternately  opened  to  remove  the  litharge. 

The  resulting  produAs  are : — Brightened  silver,  containing 
79*1  per  cent  of  silver;  pure  litharge,  containing  90*3  per 
cent  of  lead  and  0*004  per  cent  of  silver ;  impure  litharge 
from  the  period  preceding  the  brightening,  containing  88*8 
per  cent  of  lead  and  0*33  per  cent  of  silver ;  smoke,  contain- 
ing 50*4  per  cent  of  lead  and  o'ooi  per  cent  of  silver ;  and 
abstrich,  containing  70*6  per  cent  of  lead  and  o'oi2  per  cent 
of  silver.  The  loss  of  lead  amounts  to  3*29  per  cent,  and  the 
loss  of  silver  to  4*09  per  cent. 

100  lbs.  of  raw  lead  yield — 

o'ii78  lbs.  of  brightened  silver. 


0-94 

„     abstrich. 

0*19 

„     metallic  fume. 

92*09 

„     litharge  for  reducing, 

5-36 

„            do.         sale. 

o'55 

y,            do.   impure. 

"•37 

„     coarse  hearth. 

i'5i 

„     fine  hearth. 
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The  cost  for  cupelling  is — 

For  loo  lbs.  For  loo  lbs. 

Lead.  Litharge. 

Labour I'gd.  2'id. 

Fuel 5.7d.  6*2d. 

Clay  and  Lime o'gd.  o'gd. 

Tools o'sd.  o*6d. 

Blast  and  sundries 2*3d.  2*6d. 

Repairs      ..•.'....    o*3d,  o*3d. 


Total    ....        ii-6d.      IS.  o7d. 

xzz.   Cupelling  with  Concentration  of  the  Raw  Lead. 

At  Tamowitz,  raw  lead  resulting  from  redudlion  slags, 
and  containing  o'oi5  per  cent  of  silver  and  traces  of  anti- 
mony, is  smelted  in  quantities  of  8J  tons  in  the  cupelling 
furnace  without  removing  the  abzug,  a  low  pressure  blast 
being  put  on  to  extradl  the  antimony.  As  soon  as  black  slags 
form  they  are  skimmed  off  together  with  the  abzug. 

As  soon  as  pure  litharge  comes  the  pressure  of  blast  is 
gradually  increased  to  150  cubic  feet  per  minute;  lumps 
of  litharge  are  formed,  which  are  afterwards  separated  into 
red  and  yellow  litharge. 

As  soon  as  the  silver  present  has  become  concentrated 
to  about  13  times  its  original  amount  (on  an  average  o'2  per 
cent),  the  rich  lead  is  tapped  off  through  a  hole  beneath  the 
opening  for  lithai^ge,  and  afterwards  treated  by  Pattinson's 
process. 

Five  tons  of  raw  lead,  consuming  about  40  cubic  feet  of 
coal,  and  costing  £1  3s.  4d.,  yield — 

8*07  cwts.  of  black  litharge  and  abstrich. 
82*92      „        litharge. 

2070      „        metalliferous  hearth  and  lead  ash. 
i2*oo      „        concentrated  raw  lead. 

THR  ENGLISH  SYSTEM  OI'  CUPELLATION. 

This  process  is  carried  on  in  smaller  furnaces  furnished 
with  a  movable  hearth  (which  is  formed  outside  the  furnace), 
and  with  a  flat  fixed  roof.    These  furnaces  are  heated  with 
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coal,  and  the  charging  is  gradually  effeAed  either  with  liquid 
or  solid  lead.  Pure  raw  leads  poor  in  silver  are  usually 
treated  by  this  method,  and  they  are  mostly  concentrated  till 
the  silver  amounts  to  7  or  8  per  cent,  and  sometimes  50  per 
cent ;  they  are  then  tapped  off,  and  submitted  afterwards  to  a 
chief  cupellation.  Since  the  more  general  use  of  Pattinson's 
process,  these  poor  raw  leads  are  usually  treated  by  it  previous 
to  the  cupelling  process,  which  is  then  carried  on  with  the  rich 
lead,  either  for  the  produdlion  of  brightened  silver,  or  to 
cause  a  previous  concentration  of  the  silver.  The  resulting 
litharge  is  reduced,  and  the  lead  obtained .  again  treated  by 
Pattinson's  process. 

The  English  process  has  all  the  advantages  which  the 
German  process  offers  in  the  after-charging  and  concentration 
of  raw  lead,  but  requires  pure  lead,  otherwise  impure  litharge 
would  result,  and  from  it  impure  lead  which  would  require 
to  be  refined.  On  the  other  hand,  the  English  furnaces 
sometimes  produce  less  than  the  German  furnaces;  for 
instance,  at  the  furnaces  on  the  Upper  Hartz  (at  Altenau), 
5  tons  of  rich  lead  are  cupelled  in  25  or  27  hours,  consuming 
480  to  540  bundles  of  brush-wood,  while  an  English  furnace 
can  only  provide  for  the  cupellation  of  10  tons  of  raw  lead 
in  about  5  days,  consuming  10  or  12  cwts.  of  coal  daily. 

Fig.  81. 
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Fig.  83. 
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Fig.  84. 


Fig,  85, 


The  cupelling  furnace  used  at  Stolberg  is  represented  by 
Figs,  81,  82,  83,  84,  and  85 ;  a,  is  the  grate ;  b,  the  opening 
for  putting  the  fuel  on  to  the  grate  ;  c,  the  fire-bridge ;  i,  the 
test  ring  (hearth)  resting  upon  the  stones,  e,  and  the  iron 
beams,  /,  sometimes  upon  an  iron  car ;  g,  is  the  flue  leading 
into  the  channel,  i,  which  communicates  with  the  chimney. 
The  flue  is  divided  into  two  parts  by  the  division  wall,  h. 
k,  is  a  pan  for  fusing  the  rich  lead,  which  is  ladled  into  the 
gutter,  w,  and  conduced  by  it  to  the  hearth,  d ;  »,  is  the 
chimney  stack  on  the  working  side  of  the  furnace ;  ^,  the 
tuyere  for  admitting  blast  or  steam. 

The  mass  for  the  hearth  consists  of  pounded  calcined  bones, 
mixed  with  about  5  per  cent  of  potash  or  soda,  or  some 
wood  ashes.  This  is  moistened  with  water,  and  beaten  into 
the  test  ring,  c,  which  is  furnished  with  handles,  b  (Fig.  84), 
and  then  a  hollow,  d  (Fig.  85),  about  2  inches  deep,  is  made  in 
it  for  the  reception  of  the  cupelling  lead ;  e,  is  the  opening  in 
the  hearth  for  tapping  off  the  concentrated  rich  lead ;  it  is 
closed  with  bone  ash  during  the  cupelling  process ;  /,  /,  are 
openings  for  conveying  the  litharge  by  means  of  gutters,  g, 
into  iron  pots  standing  below  the  hearth  upon  an  iron  waggon. 
Two  workmen  are  able  to  prepare  a  hearth  in  one  shift  of 
12  hours.  The  hearth  is  fixed  in  the  furnace  after  having 
been  dried  for  8  or  10  days. 

Bellows  and  ventilators  may  be  used  as  blast  machines  if 
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no  cylinder  machine  is  available.  Sometimes  steam*  of 
the  pressure  of  il^  to  2  atmospheres  is  employed  instead  of 
blast  (Stolberg,  Belgium,  and  the  Qallongate  Lead  Works  at 
St.  Anthony,  near  Newcastle).  It  is  said  to  hasten  the 
cupelling  process  and  to  produce  superior  litharge,  and 
occasionally  it  is  cheaper  than  blast.  The  no22le  for  con- 
dueling  the  steam  is  put  into  a  wider  tuyere,  so  as  to  admit 
some  air,  and  it  appears  that  the  steam  has  not  much 
chemical  influence,  but  rather  occasions  a  draught  which 
renders  a  further  blast  unnecessary. 

Manipulations  in  Cupelling.— After  having  been  formed 
as  described,  the  cupel  is  dried  for  several  days,  and  then 
introduced  beneath  the  arch,  and  wedged  firmly  in  its  place. 
The  furnace  is  then  heated  very  carefully,  lest  the  cupel 
should  crack.  When  the  temperature  reaches  a  dark  red, 
some  lead,  which  is  kept  fused  in  a  pot  close  by,  is  poured 
into  the  cupel,  the  blast  is  put  on,  and  the  fire  increased 
until  the  lead  reaches  a  bright  red  heat. 

The  formation  of  litharge  takes  place  rapidly,  and  as  fast 
as  produced  it  is  allowed  to  run  off  through  a  channel 
which  is  kept  of  a  constant  depth,  and  about  two  inches 
wide.  The  litharge  is  kept  in  the  furnace  in  such  a  way 
that  it  forms  a  border  6  or  8  inches  wide  round  the  edges  of  the 
metallic  bath,  and  the  temperature  and  blast  are  maintained 
sufficiently  high  to  render  the  litharge  liquid  enough  to  run  off 
uniformly.  As  the  lead  is  oxidised,  and  its  level  becomes  lower, 
more  molten  lead  is  poured  in,  and  thus  about  500  or  600 
lbs.  of  metal  are  constantly  kept  in  the  hearth.  In  some 
cases  the  lead  is  charged  in  pigs  by  means  of  an  inclined 
iron  plate,  through  an  aperture  on  the  side  of  the  tuyere. 

The  litharge  is  received  in  large  cast-iron  pots,  allowed  to 
cool,  and  removed  in  a  solid  state  from  the  vessels  by  turn- 
ing them  upside  down.  As  the  silver  remains  in  the  hearth, 
while  the  lead  continually  oxidises  and  flows  off,  the  propor- 
tion of  silver  increases.  When  4  or  5  tons  have  been  added, 
and  the  mass  in  the  hearth  has  been  concentrated  until  it 
contains  about  8  per  cent  of  silver,  the  operation  of  the 

*  Karsten's  Archiv.,  2  R.,  xxv.,  577. 
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furnace  is  arrested,  and  its  contents  run  into  moulds.  The 
second  shift  is  then  commenced  by  adding  500  or  600  lbs.  of 
fresh  lead  to  the  cupel,  and  the  operation  proceeds  as  before. 
Thus  a  single  cupel  will  often  last  48  hours,  and  6  or  7  tons 
of  lead  may  be  oxidised  upon  it. 

For  the  especial  treatment  of  the  concentrated  alloy,  the 
cupel  is  placed  in  the  furnace,  and  brought  to  a  dull  red 
heat;  about  600  lbs.  of  lead  are  then  added  after  having  been 
fused  in  a  neighbouring  pot,  and  a  strong  current  of  air 
admitted.  Immediately  the  lead  begins  to  oxidise,  and  the 
litharge  produced  flows  off  into  a  vessel  provided  for  the 
purpose,  while  at  the  same  time  the  attendant  adds  lead  to 
keep  the  metal  in  the  cupel  always  at  the  same  level.  In  this 
manner  some  three  tons  of  the  alloy  of  lead  and  silver  are  added, 
and  about  500  lbs.  of  silver  are  colledted  in  the  cupel.  The 
attendant  then  ceases  to  add  rich  lead,  and  allows  the  silver  to 
purify;  the  phenomenon  of  brightening  is  soon  perceived,  the 
fire  is  lowered,  the  blast  stopped,  and  the  cake  of  silver  is 
allowed  to  cool  slowly.  The  iron  waggon,  with  its  subjacent 
hearth,  is  now  drawn  from  beneath  the  vault  of  the  furnace, 
the  silver  taken  from  its  bed  in  the  bone  a^h,  cleaned  of  its 
coating  of  impurities,  and  submitted  to  the  refining  process. 
It  is  either  purified  by  melting  in  a  plumbago  crucible,  or 
by  a  second  oxidising  fusion  in  a  bone  ash  cupel. 

The  litharge  produced  in  this  last  operation  grows  gradu- 
ally richer  in  silver  towards  the  end  of  the  cupellation.  It 
is  all  reduced  to  a  lead  usually  containing  from  30  to  40 
ounces  of  silver  to  the  ton,  and,  after  being  treated  by  con- 
centration, is  again  treated  in  the  cupelling  furnace. 

Illustrations  of  the  English  Cupelling  Process. 

At  some  lead  works  near  Newcastle,  a  furnace  of  mode- 
rate dimensions  requires  2,000  common  bricks,  2,000  fire 
bricks,  and  ij  ton  of  fire  clay.  The  fire-place  is  22  inches 
by  24  inches,  the  fire-bridge  from  14  to  18  inches  broad,  and 

•  B.  u.  h.  Ztg.,  1859,  p.  434 ;  1862,  p.  300.  Berggeist,  1861,  p.  339.  RivoT, 
TraiU  de  M^alluiigie,  i860,  ii.,  a88,  364* 
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the  chimney  40  feet  high ;  the  hearth  (test  ring)  for  receiv- 
ing the  cupel  consists  of  a  strong  wrought  iron  ring,  nearly 
elliptical  in  shape,  4  feet  by  2^  to  3  feet,  and  with  a 
framework  of  iron  bars,  3I  inches  broad,  ^  to  i  inch  thick, 
4^^  inches  space  between  them,  across  the  bottom ;  the  cupel 
is  about  I  inch  thick  in  its  middle.  One  furnace  cupels 
5  cwts.  of  lead  per  hour,  consuming  4  cwts.  of  coal  per  ton 
of  rich  lead.  The  cost  of  cupelling  i  ton  of  rich  lead 
containing  400  ounces  of  silver,  is  los.  lod. 

Pour  and  a  half  tons  of  lead  are  concentrated  to  i  cwt.  in 
16  or  18  hours ;  this  is  tapped  off  and  refined  when  sufficient 
concentrated  alloy  has  been  produced. 

The  resulting  litharge  is  reduced  in  reverberatory  furnaces, 
the  slags  of  the  litharge  reducing  process  are  worked  in  a 
slag  hearth  for  the  produdlion  of  hard  lead. 

At  the  lead  works  of  MQnsterbusch  and  Binsfeldhammer, 
near  Stolberg,  raw  lead  which  has  been  concentrated  by 
Pattinson's  process  up  to  i  per  cent  of  silver  is  cupelled  in 
English  cupellmg  furnaces  by  the  application  of  steam  at  a 
pressure  of  i^  to  2  atmospheres,  and  concentrated  till  it  con- 
tains upwards  of  7  per  cent  of  silver.  In  this  way  loj  tons 
are  reduced  to  7  cwts.  in  18  hours.  When  this  rich  lead  is 
cupelled  for  the  produftion  of  brightened  silver,  wood  is  used 
for  firing  in  the  last  period  of  the  process.  The  brightened 
silver  is  tapped  off,  and  afterwards  refined  in  plumbago 
crucibles,  15  inches  high  and  10  inches  in  diameter  on  the 
top. 

50,300  lbs.  of  lead  containing  i  per  cent  of  silver  were  con- 
centrated in  16  shifts  of  24  hours  each,  and  the  cupelling  of 
the  rich  lead  containing  7  per  cent  of  silver  in  3  shifts,  re- 
quiring two  hearths.  The  result  was,  514  lbs.,  11  ozs.  of 
brightened  silver ;  45,000  lbs.  of  poor  litharge,  with  about 
7  ozs.  of  silver  in  a  ton  >  4,000  lbs.  of  rich  litharge ;  50  or  60  lbs. 
of  abstrich,  and  some  lead  hearth.-  The  consumption  of  fuel 
amounted  to  61^  tons  of  coal,  115  cwts.,  20  lbs.  of  small  coal, 
and  180  lbs.  of  small  coal  for  heating  the  boiler.  The  wages 
of  the  chief  melter  are  as.  per  shift  of  12  hours,  and  the 
assistants  receive  is.  6d. 
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RBPININQ  THE  BRIQHTBNED  SILVBR. 

The  refining  process*  aims  at  the  complete  removal  of 
the  impurities  which  the  cupelling  process  has  left  in  the 
brightened  silver.  These  impurities  are  chiefly  lead^  bis- 
muthy  antimony,  copper,  &c.  A  small  amount  of  lead, 
bismuth,  antimony,  and  arsenic  renders  the  silver  brittle ; 
Copper  does  not  injure  the  duAility  of  the  silver,  and  some- 
times it  is  purposely  retained  when  it  is  to  be  alloyed  with 
that  metal  (Freiberg). 

In  rare  cases  silver  is  refined  in  the  wet  way,  but  this  is 
usually  when  it  contains  a  fair  amoimt  of  gold. 

If  the  impurity  in  the  silver  consists  only  of  lead,  the  re- 
fining process  is  very  simple,  but  the  reverse  is  the  case  when 
the  silver  contains  much  copper,  arsenic,  and  antimony, 
with  but  little  lead,  as  these  substances  are  only  removed  by 
a  very  long  rea<5tion  of  the  atmosphere  during  refining ;  the 
brightened  silver  requires  more  heat  for  smelting  the  less 
lead  it  contains.  In  some  cases  it  is  advantageous  to  give 
an  addition  of  lead  to  the  brightened  silver,  so  as  to  oxidise 
and  carry  away  the  other  base  metals. 

Karsten  calculated  that  i8  parts  of  lead  were  required  for 
I  part  of  the  contaminating  base  metals.  When  refining  bright- 
ened silver  containing  nickel  and  cobalt,  which  cupel  with 
difficulty  and  show  a  great  inclination  to  a  quick  chilling,  a 
little  copper  may  be  added  advantageously,  as  it  increases 
the  heat  in  the  metal  bath.  The  refining  process  di£fers  from 
the  cupelling  process  in  the  circumstance  that  the  formed 
litharge  does  not  flow  off  from  the  surface  of  the  silver,  but 
becomes  imbibed  by  the  porous  refra<aory  test  (ground  bone, 
marl,  wood  ash). 

The  test  is  either  prepared  on  a  movable  hearth  (like  the 
English  cupelling  furnace)  or  on  the  fixed  bottom  of  a  rever- 
beratory  furnace ;  crucibles  are  also  used  for  the  refining  pro- 
cess, and  the  refining  may  be  effefted  by  the  assistance  of 
blast  or  under  a  muffle.    ' 

These  operations  vary  in  their  consumption  of  fuel,  the 
volatilisation  of  silver,  and  the  largeness  of  produ<5tion. 

*  B.  u.  h.  Ztg.,  1864,  p*  8i- 
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To  refine  lOo  lbs.  of  brightened  silver,  there  are  consumed — 

In  reverberatoxy  furnaces  with  firing  of  wood  gas  (Mansfeld)  70  Iba.  charcoal. 

„  crucibles       ..            ..            ..            ..            ..            76  „ 

„  reverberatory  furnaces  with  firing  of  coal             . .            88-4  lbs.  coal. 

6  „    charcoal. 

Byblast             88  „ 

66  „    wood. 

Under  the  muffles           . .                          . .                        150  „    charcoal. 

Of  all  apparatus  the  reverberatory  furnaces  are  the  best, 
consuming  the  least  fuel,  and  causing  the  least  loss  of  silver. 
The  loss  of  metal  is  largest  when  applying  blast,  and  is  also 
considerable  when  refining  under  .the  mufile.  Whether  the 
hearth  in  the  reverberatory  furnaces  shall  be  fixed  or  mov- 
able depends  chiefly  on  the  extent  of  the  produdlion ;  fixed 
hearths  are  better  for  larger  operations  (Mansfeld,  Freiberg, 
Przibram,  &c.) 
The  products  of  this  refining  process  are, — 
z.  Refined  Silver,  almost  pure,  being  '998  to  '999  fine. 
A  singular  phenomenon  is  often  observed  when  pure  silver  is 
fused  in  air  and  cooled  rapidly.  Upon  the  exterior  of  the 
mass  becoming  hardened  the  interior  seems  to  expand,  and 
fradturing  the  thin  crust,  sends  out  branches  of  what  appear 
like  a  species  of  metallic  vegetation.  This  phenomenon  is 
considered  as  a  sign  of  the  fineness  of  the  silver,  and  is  caused 
by  the  escape  of  the  oxygen  which  had  been  absorbed  by  the 
silver.  Lucas*  found  that  liquid  silver  absorbed  at  least  20 
times  its  volume  of  oxygen  from  the  air,  and  Plattner  con- 
cluded that  silver  became  oxidised  at  the  high  temperature, 
and  that,  like  copper,  silver  was  capable,  while  in  a  fluid 
state,  of  absorbing  a  large  quantity  of  its  oxide,  and  that  at 
a  reduced  temperature  this  compound  could  not  exist,  but 
became  suddenly  decomposed  at  the  moment  of  cooling, 
liberating  its  gas.  According  to  Rose,  t  silver  melted  under  a 
layer  of  saltpetre  absorbs  oxygen,  and  sets  it  free  in  the  same 
manner,  but  not  when  melted  under  a  layer  of  common  salt 
or  potash.  By  throwing  particles  of  silver  into  the  air  the 
sudden  liberation  of  gas  causes  a  loss,  which  may  be  pre- 
vented by  allowing  the  mass  to  cool  very  slowly,  or  by  keep- 

*  Karsten's  Archiv.,  z  R.,  iv.,  318.    Erdmann,  Joum.,  f.  5k.  u.  technische 
Chemre,  i.,  487 ;  ti.,  395  ;  x.,  286. 
t  B.  u.  h.  Ztg.,  1861,  p.  391. 
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ing  the  surface  of  the  silver  broken  by  means  of  a  stirrer 
during  the  sudden  cooling  by  water ;  it  is  still  better  to  cover 
the  silver  before  cooling  with  small  coal,  which  bums  rapidly 
in  the  escaping  oxygen. 

The  presence  of  copper  and  lead  in  the  silver  prevents  the 
absorption  of  oxygen,  not  so  the  presence  of  gold. 

If  the  surface  of  the  liquid  silver  assumes  a  mirror-like 
brilliancy  it  is  considered  fine. 

Ingots  of  refined  silver  of  the  Upper  Hartz  have  a  larger 
amount  of  silver  in  the  top  part  than  in  the  bottom,  retaining 
some  lead,  without  which  commercial  silver  is  seldom  found. 

Upper  part.  Lower  part.  Average. 

999*4  995'4  997*4 

998-4  997-4  997-9 

999*4  994*4  996-9 

999*4  995*4  997*4 

Water  sometimes  enters  the  upper  porous  parts  of  the 
silver  which  has  been  cooled  by  quenching  in  it.* 

2.  Hearth  Ends,  containing  oxide  of  lead,  suboxide  of 
copper,  and  silver,  partly  mechanically  intermixed,  and  partly 
in  an  oxidised  state. 

An  amount  of  bismuth  in  the  ores  concentrates  in  the 
hearth  ends  (page  284),  and  may  be  extracted  profitably 
either  in  the  dry  way  by  Patera's  plan  of  partly  cupelling 
the  bismuth  alloy,  or  in  the  wet  way  by  treating  the  hearth 
ends  with  dilute  hydrochloric  acid,  precipitating  the  basic 
chloride  of  bismuth  by  diluting  with  water,  and  reducing  the 
dried  produA. 

Refining  in  Cupelling  Furnaces. 

This  simple  method  is  rarely  employed,  as  it  causes  great 
volatilisation  of  silver,  and  a  larger  consumption  of  fuel ;  it 
is  conduced  at  the  lead  works  in  Lohe  (Siegen)  in  the  fol- 
lowing way.  After  the  brightening  of  the  silver  the  blast  is 
turned  off,  and  the  oxidation  process  is  carried  on  by  a  con- 
tinued heating  until  the  silver  shows  a  bright,  mirror-like 
surface.    The  resulting  fine  silver  contains  99-6  to  99-7  per 

*  Dinolbr'8  Polyt.  Joum.,  Bd.  98,  p.  225. 
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centy  and  to  produce  a  greater  fineness  would  cause  an 
increase  in  the  volatilisation  of  silver. 

In  some  cases  it  may  be  advantageous  to  produce  a  greater 
fineness  than  usual  in  cupelling  furnaces,  and  afterwards  to 
purify  it  completely  by  the  cheaper  re-melting  in  crucibles 
(Vialas,  Pontgibaud). 

Refining  by  the  Aid  of  Blast. 

This  plan  is  only  adapted  for  impure  silver  requiring  a 
stronger  oxidation  of  the  foreign  substances,  and,  though  it 
consumes  little  fuel,  and  requires  a  simple  apparatus,  it  is 
not  easily  conduced,  and  causes  a  great  loss  of  silver.  It 
is  carried  out  on  small  tests  of  marl  from  9  to  ii  inches 
wide,  and  about  3  inches  deep,  standing  under  a  chimney 
close  to  a  fire-proof  wall,  which  is  furnished  with  a  tuyere. 
After  having  charged  the  test  with  from  20  to  30  lbs.  of 
silver,  some  glowing  coals  are  put  before  the  tuyere,  and  a 
ring  of  iron  plate  is  placed  round  the  test  to  keep  the  coals 
together,  with  which  the  test  becomes  filled  up,  and  the  blast 
is  turned  on,  giving  about  18  cubic  feet  per  minute.  As  soon 
as  the  silver  is  melted,  the  iron  ring  is  removed,  and  also  the 
glowing  coals  from  the  surface  of  the  silver,  and  the  required 
temperature  is  sustained  by,  from  time  to  time,  placing  some 
glowing  coals  and  pieces  of  wood  between  the  hearth  and 
tuyere ;  so  that  the  blast  only  condufts  the  flame  across  the 
fluid  surface.  The  silver  is  repeatedly  stirred,  and  the  process 
continued  until  no  more  litharge  is  formed,  and  the  silver 
assumes  a  mirror-like  brilliancy ;  the  silver  is  then  carefully 
cooled  by  pouring  water  over  it.  The  process  is  finished  in 
I  or  i^  hours,  and  consumes  2*2  cubic  feet  of  charcoal,  and 
i*i  cubic  feet  of  wood. 

Refining  in  the  Muffle. 

This  mode  of  refining  consumes  most  fuel ;  it  also  causes 
a  great  loss  of  silver,  and  produces  cakes  which  are  of  dif- 
ferent purity  in  different  parts,  but  it  has  the  advantage  of 
being  easily  condu(5led,  and  of  a  neatness  of  manipulation ; 
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it  is  therefore  adapted  for  plumbiferous  brightened*  silver, 
which  does  not  contain  much  lead  or  other  impurity. 

Illustrations  of  this  Process. 

At  Oker,*  on  the  Lower  Hartz,  the  test  is  i  foot  i  inch  in 
diameter,  and  2*15  inches  deep,  and  is  made  of  marl,  and 
covered  with  ground  bone  ;  it  is  placed  in  a  muffle  standing 
in  a  small,  strongly  curved  cupola  furnace,  open  in  front, 
and  in  whose  lower  periphery  are  openings  communicating 
with  the  outer  air ;  the  draught  may  be  regulated  by  closing 
them  more  or  less ;  from  40  to  45  lbs.  of  silver  are  charged, 
and  the  air-holes  on  the  muffle  closed,  large  coals  are  put 
round  the  muffle,  and  the  front  air-holes  closed  with  bricks, 
leaving  an  opening  communicating  with  the  mouth  of  the 
muffle  ;  the  furnace  is  then  filled  up  with  coal  and  lighted. 
After  the  silver  is  melted  th&  coal  from  the  mouth  of  the 
muffle  is  taken  away,  the  silver  is  frequently  stirred,  and  the 
process  is  carried  on,  alternately  opening  and  closing  the 
working  door,  according  to  the  temperature  required,  till 
no  more  litharge  is  produced  and  the  silver  has  assumed  a 
mirror-like  surface.    The  silver  is  then  cooled  by  water. 

Soft  coal  has  a  better  efFe<5t  than  hard  charcoal ;  50  lbs. 
of  brightened  silver  give  on  an  average  47J  lbs.  of  fine  silver, 
consuming  in  5  hours,  by  which  time  the  process  is  finished, 
7*5  cubic  feet  of  charcoal. 

At  the  Mint  in  Clausthal  +  (Upper  Hartz),  the  furnaces 
are  similar  to  those  used  at  Oker.  The  tests  are  made  of 
washed  wood  ashes  and  burned  lime,  and  are  used  in  two 
sizes.  The  smaller  ones  are  charged  with  28  or  30  lbs.,  and 
the  larger  with  from  35  to  45  lbs.  of  silver  produced  in  the 
lead  works  of  the  Upper  Hartz. 

Forty-five  pounds  of  silver  are  melted  in  about  two  hours, 
while  the  mouth  of  the  muffle  is  closed  as  in  Oker;  it  is  then 
opened  and  the  silver  stirred  several  times ;  the  muffle  is 
closed  for  half  an  hour,  and  the  silver  is  then  stirred  again. 
This  is  usually  done  three  times,  at  intervals  of  half  an  hour, 

*  Kerl,  Unterharzer  Hiittenprocesse,  1861,  p.  136. 
f  Kerl,  Oberharzer  Hiittenprocesse,  z86o,  p.  465. 
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and  the  last  heat  is  given  for  half  an  hour.  When  the  silver 
is  of  mirror-like  brilliancy  it  is  allowed  to  cool  slightly,  and 
then  water  is  poured  upon  it,  the  spitting  of  the  silver  being 
prevented  by  keeping  an  opening  in  the  middle  of  the  cake 
by  means  of  a  hook ;  the  diminution  in  weight  is  about  i^ 
ozs.  per  lb. 

At  Victor  Friedrichshutte,  the  tests  rest  on  the  narrow  sides 
of  bricks,  by  which  arrangement  they  are  also  heated  from 
the  bottom.  The  process  gives  95*1  per  cent  of  fine  silver. 
50  lbs.  of  brightened  silver  consume  375  lbs.  of  charcoal, 
and  about  i  cubic  foot  of  old  marl  from  cupelling  furnaces, 
and  3  lbs.  of  ground  bones. 

Refining  in  Reverberatory  Fttmaces. 

This  method  is  the  most  advantageous  as  regards  con- 
sumption of  fuel,  largeness  of  production,  rapidity,  and 
economy ;  it  also  causes  no  larger  loss  of  silver  than  the 
other  plans.  The  hearth  is  either  movable  or  not,. according 
to  the  scale  of  the  production. 

To  lessen  the  volatilisation  of  silver  it  is  melted  as  quickly 
and  judiciously  as  possible,  under  a  covering  of  small  coal 
and  saw-dust,  which  is  kept  longer  upon  it,  as  niore  anti- 
mony, lead,  arsenic,  &c.,  are  present;  the  application  of 
blast  will  accelerate  the  separation  of  such  substances ;  the 
refining  of  silver  containing  bismuth  is  more  difficult.  After 
the  dross  has  been  skimmed  off,  the  spots  of  litharge  formed 
upon  the  surface  of  the  silver  are  allowed  either  to  be 
absorbed  by  the  test,  or  they  are  removed  by  spreading  bone 
ash  over  the  silver ;  this  at  the  same  time  counteracts  an 
evaporation  of  the  silver.  The  velocity  with  which  the  spots 
of  litharge  move  towards  the  edges  indicates  the  tempera- 
ture of  the  furnace.  If  the  melting  takes  place  with  too 
much  difficulty,  a  percentage  of  lead  is  sometimes  added, 
and  if  the  silver  refines  too  slowly  and  is  inclined  to  chill 
easily,  some  copper  is  added. 

When  using  furnaces  with  a  fixed  hearth,  the  refined  silver 
is  ladled  out  (Freiberg,  Mansfeld,  Przibram),  and  when  using 
a  movable  hearth  it  is  either  cooled  in  the  furnaces  (England, 
Tamowitz),  or  tapped  off  (Poullaouen),  or  it  is  removed  by 
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tipping  over  the  hearth  (Kongsberg).  Refining  furnaces  are 
sometimes  furnished  with  two  hearths,  one  above  the  other ; 
the  upper  one  is  used  for  warming  the  silver,  and  the  lower 
one  for  refining  it  (PouUaouen). 

Refining  in  Reverberatory  Furnaces  with  Movable 
Hearth  or  Test. 
The  hearth  either  rests  upon  iron  beams  (England),  or  is 
carried  to  the  furnace  by  means  of  an  iron  car,  and  then 
secured-  by  screws  (Tamowitz),  or  it  is  suspended  on 
trunnions  by  means  of  which  it  may  be  tipped  over  (Kongs- 
berg). The  fuel  is  coal  and  wood  (Holzappel),  and  the  test 
is  prepared  of  ground  bones,  marl,  or  finely  sifted  slag  from 
the  smelting  of  black  copper  (Kongsberg). 

*    Illustrations  of  the  Process. 

At  Tamowitz f  the  refining  furnaces  are  represented  by 
Figs.  86  and  87 ;  a,  is  the  opening  for  throwing  fuel  upon 

Fig.  86. 


Fig.  87. 


the  grate ;  6,  the  grate ;  c,  the  working  door ;  /,  the  flue 
communicating  with  a  chimney  50  feet  high.    The  test,  d,. 
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ivas  formerly  placed  upon  the  iron  beams,  e^  but  it  is  now 
put  upon  a  car,  after  having  been  dried  and  charged  with 
brightened  silver;  the  car  is  carried  to  the  furnace  by 
means  of  a  railway,  and  raised  by  machinery  to  the  required 
height.  The  joints  between  the  test  and  furnace  masonry 
are  covered  with  bone  ash. 

The  molten  silver  is  then  stirred  and  exposed  to  the 
atmospheric  air  till  its  surface  indicates  the  fineness  of  the 
metal. 

In  1862  there  resulted  from  100  lbs.  of  brightened  silver, 
96'8i2  lbs.  of  fine  silver  of  '999  fineness,  and  19  lbs.  of  metalli- 
ferous hearth.  The  cost  was  i*4d.  per  lb.  of  fine  silver,  and 
9  cubic  feet  of  coal  and  32*18  lbs.  of  bone  ash  were  consumed 
for  each  100  lbs.  of  fine  silver  yielded. 

In  England  the  furnaces  used  are  similar  in  general  con- 
strudlion  to  that  before  described  (Figs.  86  and  87).  About 
480  lbs.  are  treated  at  once  upon  a  bone  ash  cupel  (test),  and 
each  operation  requires  about  six  hours.  The  fine  silver  is 
either  allowed  to  Cool  on  the  cupel,  or  is  tapped  off  by  a 
tap-hole  in  the  bottom  of  the  cupel,  or  it  is  ladled  out  if 
several  charges  of  silver  are  to  be  refined  in  succession.  Silver 
of  a  fineness  of  0*985  is  brought  to  an  average  fineness  of 
0*998,  and  when  the  operation  has  been  carried  on  with  more 
than  ordinary  care,  the  quality  will  reach  0*9995,  rising  at 
times  to  pure  silver.* 

At  PoullaauenA — ^The  furnace  represented  by  Figs.  88  and 


Fig.  88. 


Fig.  89. 


*  Makins,  Manual  of  Metallurgy,  p.  144.    London :  1862. 
f  B.  u>  h.  Ztg.,  1859,  p.  350.    RivoT,  Traits  de  M^tallurgie,  i860,  ii.,  617, 
648. 
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89  is  furnished  with  two  hearths.  On  the  upper  one  the  silver 
is  previously  heated,  the  cake  being  broken  into  two  pieces 
for  this  purpose.  The  cupel,  6,  is  composed  of  lime  and  clay, 
and  is  heated  till  it  is  red  hot,  which  takes  place  in  about  4 
hours ;  about  40  or  42  lbs.  of  brightened  silver  are  then 
added  and  refined  in  from  2^  to  3  hours,  consuming  about 
I  ton  of  wood.  The  fine  silver  is  tapped  off  into  2  moulds, 
which  are  placed  in  the  opening,  c,  one  after  the  other ;  the 
produced  silver  has  a  fineness  of  o'ggj. 

At  Huelgoet*  the  process  is  similarly  carried  on. 

At  Kongsberg^  the  furnace  is  similar  to  that  of  Tamowitz, 
but  it  differs  in  the  make  and  the  mode  of  fixing  the  cupel. 
It  has  been  before  stated  that  the  cupel  mass  consists  of  slag 
from  the  smelting  of  black  copper.  This  slag  possesses  some 
advantages  in  working  up  the  hearth  ends.  The  test  ring  is 
furnished  at  both  ends  with  2  strong  iron  plugs,  fitting  into 
4  double  claws  of  an  iron  car.  The  car  is  moved  on  rails 
into  the  opening  beneath  the  furnace,  and  the  cupel  is  fixed 
in  such  a  way  that  it  may  be  lowered  in  front  whilst  resting 
on  the  plugs  at  the  back.  In  this  way  the  pouring  of  the 
fine  silver  into  moulds  is  effe<5led.  1,911^  lbs.  of  brightened 
silver  yielded  by  the  refining  process  1,766  lbs.  6  ozs.  of 
fine  silver,  16  lbs.  6  ozs.  in  the  furnace  ends,  and  7  lbs.  3  ozs. 
in  the  fume. 

The  furnace  ends  are  re-melted  in  small  cupola  furnaces, 
producing  an  alloy  similar  to  brightened  silver,  which  is  added 
to  the  refining  process.  The  matt,  which  is  produced  at  the 
same  time,  containing  from  4  to  5  lbs.  of  silver  per  cwt.,  is 
worked  up  by  one  of  the  fusion  processes  with  lead,  and  the 
slag,  containing  i  or  i  J  ozs.  of  silver,  is  added  to  the  raw 
smelting. 

Illustrations  of  the  Process  of  Refining  in   Furnaces 
with  Fixed  Hearths. 

These  furnaces  are  mostly  used  for  larger  charges  (up  to 
I J  tons.) 

*  RivoT,  c.  i.,  p.  625. 

f  TuNNER'8  Jahrbuch,  1852,  p.  iga.    B.  u.  h.  Ztg.,  1855,  PP-  lo^t  "7;  1856, 
p.  164 ;  1862,  p.  437. 
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At  Przibram.* — ^The  refining  furnace  is  shown  by  Figs.  90 
and  91.    The  iron  plate,  a,  supports  the  hearth,  k,  which  is 

Fig.  90. 


8  inches  high,  and  composed  of  clay  and  pieces  of  bricks  i|^  or 
2  cubic  inches  in  size,  k  is  covered  by  the  hearth  i,  formed  of 
2  parts  of  fresh  marl  and  i  part  of  old  marl,  and  3  inches  thick 
in  the  middle.  The  deepest  point  of  this  hearth  lies  8  inches 
beneath  the  lower  edge  of  the  working  door,  e, ;  A,  is  a  channel 
communicating  with  the  flue,  c,  and  leading  into  the  chimney. 
One  charge  consists  of  i  ton  of  silver ;  it  is  covered  with 
small  coal  or  saw-dust,  and  melted  in  2J  hours,  with  a  low 
fire  for  the  first  j^  hour,  and  with  a  stronger  firing  during  the 
next  2  hours.  The  silver  is  stirred,  the  dross  skimmed  off, 
and  every  jt  hour  some  test  ash,  consisting  of  two  volumes  of 

•  Oesterr.  Ztschr.,  1858,  p.  52. 
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wood  ash,  and  i  volume  of  bone  ash,  is  thrown  over  the 
metal  bath.  If  the  metal  becomes  fine  in  5  or  6  hours  the 
test  ash  is  removed,  the  silver  is  covered  with  small  charcoal 
to  prevent  its  spitting,  then  ladled  out,  and  the  furnace  is 
re-charged ;  the  consumption  of  coal  is  from  5  to  6  cwts. 

At  Freiberg. — The  refining  furnace  has  a  hearth 4 feet  long 
and  3  feet  broad,  a  grate  with  a  surface  of  12  square  feet, 
and  a  chimney  70  feet  high  and  20  inches  in  diameter  (^  of  the 
surface  of  the  grate) ;  the  furnace  is  furnished  on  both  sides 
of  the  fire-bridge  with  tuyeres  j^  inch  wide.  The  smelting 
hearth  consists  of  a  mixture  of  three  parts  old  marl  and  five 
parts  fresh  marl,  and  rests  upon  a  hearth  formed  of  old  bricks, 
supported  by  a  strong  iron  plate.  When  the  hearth  is  red  hot 
a  ton  or  a  ton  and  a  quarter  of  brightened  silver  is  gradually 
added,  and  quickly  melted  under  a  covering  of  charcoal  and 
wood,  the  air  being  excluded  as  far  as  possible.  After  3  hours, 
when  the  silver  has  become  rather  hot,  the  blast  is  turned  on 
at  a  low  pressure,  the  metal  bath  is  stirred  from  time  to  time, 
and  some  marl  is  spread  upon  it  for  absorbing  the  litharge. 
The  fineness  of  the  silver  is  observed  by  a  sample  which  is 
ladled  out  for  this  purpose  (lustre,  colour,  and  dudlility),  and 
when  sufiicient  fineness  is  obtained,  the  silver  is  covered  with 
charcoal,  and  ladled  into  cast-iron  moulds,  forming  ingots  of 
18  or  20  lbs.  weight  each.  During  this  ladling  the  heat  is 
increased,  so  as  not  to  allow  the  silver  to  chill  in  the  furnace. 

The  process  is  finished  in  10  or  12  hours,  yielding  silver  of 
99*6  to  99'8  per  cent  fineness,  causing  a  loss  of  3  to  3^^  per 
cent  of  silver,  and  consuming  about  45  cubic  feet  of  soft 
slate  coal. 

Fig.  92. 
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At  Mansfeld*  the  refining  furnace  in  use  is  shown  by  Figs. 
92  and  93«  It  is  provided  with  an  apparatus,  by  for  generating 

Fig.  93. 


gas  from  hard  charcoal,  which  is  charged  by  a;  the  gas 
enters  by  the  horizontal  channel,  c,  into  the  vertical  channel, 
i,  and  from  thence  by  the  openings,  e  and/,  into  the  channel 
gy  where  it  is  mixed  with  atmospheric  air,  which  has  access 
through  several  flues — h,  is  the  fire-bridge ;  ft,  the  arched 
roof;  /,  the  flue;  w,  m  are  condensation  chambers.  The 
smelting  hearth  is  formed  of  washed  wood  ash  with  12  per 
cent  of  lime. 

After  the  hearth  has  been  dried  for  12  hours,  and  heated  for 
6  hours  longer  with  about  7  cubic  feet  of  coal,  the  apparatus 
for  the  generation  of  gas  is  heated  with  wood  until  the  fur* 
nace  has  become  hot  enough  to  ignite  by  its  own  heat  the 
oxide  of  carbon  produced ;  when  this  does  not  take  place, 
explosions  may  occur  in  the  condensation  chambers;  the 
apparatus  is  afterwards  charged  with  charcoal. 

The  precipitated  silver  obtained  by  Ziervogel's  process, 
and  which  is  contaminated  with  gypsum,  metallic  copper, 
and  sulphates,  is  charged  in  lots  of  about  ^  ton,  two  or  three 
times  in  succession ;  each  time  when  the  previous  charge  is 
melted,  the  silver  from  the  residues  of  the  last  process  is  added; 
the  smelting  is  performed  in  6J^  or  7  hours,  the  doors  being 
closed.  The  frothy  slag  formed  is  now  skimmed  ofli  a  strong 
fire  is  made  up  for  some  time,  and  then  the  generation  of 
gas  is  interrupted,  the  working  door  is  opened  and  the  dross 

*  Grutznsr,  die  Augustin  ache  Silberextradion,  1851,  p.  118. 
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removed  from  the  silver  till  it  has  the  appearance  and 
quality  of  fine  silver.  It  now  has  a  fineness  of  gS'o  to  98*3 
per  cent.  It  is  removed  in  iron  ladles  which  have  been  pre- 
viously warmed  and  coated  with  clay ;  the  ingots  formed 
weigh  from  30  to  40  lbs. 

The  dross  is  once  more  put  into  the  hot  furnace  to  melt 
out  the  silver  mechanically  contained  in  it ;  the  residues  and 
the  hearth  are  pounded  and  sifted  to  separate  the  enclosed 
silver  grains ;  they  are  then  mixed  with  12  per  cent  of 
sulphuric  acid,  and  exposed  for  two  or  three  days  to  a  tem- 
perature of  from  60  to  So""  C,  and  then  slightly  roasted  in  a 
reverberatory  furnace  for  i  J  or  i  J  hours  till  sulphate  of  silver 
is  formed.  After  cooling  it  is  again  treated  with  6  per  cent 
of  sulphuric  acid^  and  then  a  third  time  in  the  same  way, 
when  it  will  be  found  that  the  residues  only  contain  8  or  9 
ozs.  of  silver  per  cwt.,  which  are  worked  up  together  with 
the  copper  matt. 

I9O00.  lbs.  of  precipitated  silver  consume  in  12  hours 
about  7  cubic  feet  of  charcoal  and  120  bundles  of  wood  for 
warming,  and  68  cubic  feet  of  charcoal  for  refining.  5  tons 
of  precipitated  silver  of  86 — 87  per  cent  fineness  jdeld  3I 
tons  of  fine  silver  of  98  to  98*3  per  cent. 

Refining  in  Crucibles. 

This  mode  consumes  less  fuel  than  the  refining  process 
under  the  mufSe,  and  causes  less  loss  of  silver,  and  also 
yields  a  more  uniform  fine  silver,  but  it  only  permits  a  small 
production,  and  it  causes  loss  by  breakage  of  the  crucibles ; 
for  this  reason  it  is  only  used  in  a  few  smelting  works. 

It  has  been  in  use  at  Pontgibaud*  since  1849.  The 
brightened  silver  is  melted  in  plumbago  crucibles,  0*3  metre 
high,  and  respedlively  o"i8  and  0*09  metre  wide  at  the  top 
and  bottom,  with  an  addition  of  saltpetre  and  quartz.  The 
air  furnace  is  0*5  metre  in  sedlion,  o*6  metre  deep,  from  the 
grate  to  the  mouth ;  the  chimney  is  5  metres  high,  and  0*5 
by  0*15  metre  in  seftion. 

The  crucible  surrounded  by  glowing  coals  and  coke,  is 

*  B.  u.  h.  Ztg.,  1851,  p.  379. 
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gradually  charged  with  38  or  40  lbs.  of  silver,  with  an  addi- 
tion of  I  lb.  of  saltpetre  and  quartz ;  the  mass  vnll  be  fused 
in  about  i  hour,  and  the  process  finished  in  i^  hours.  The 
dross  which  is  formed  is  removed,  and  an  addition  of  salt- 
petre and  quartz  will  show  whether  new  dross. (oxide  and 
slags)  will  be  formed ;  if  such  is  not  the  case,  the  contents  of 
the  crucibles  are  poured  out  into  cylindrical  moulds ;  the  re- 
sulting silver  is  of  0*997  fineness. 

Of  late  the  silver  has  been  melted,  without  any  addition, 
and  as  quickly  as  possible,  in  order  to  render  it  more  homo- 
geneous. 

A  similar  process  is  carried  on  in  Vialas*  with  brightened 
silver  which  has  been  brought  to  a  moderate  fineness  in 
the  cupelling  furnace ;  this  causes  a  greater  loss  of  silver, 
but  the  subsequent  melting  with  quartz  is  cheaper. 

At  Arany-Idka  (Upper  Hungary),  the  silver  resulting  from 
the  amalgamation  process  is  melted  in  cast  iron  crucibles, 
24  inches  high  and  28  inches  wide,  furnished  with  a  clay 
lid ;  carbonate  of  potash,  saltpetre,  and  sulphate  of  soda 
being  added. 

The  Extradlion  of  Silver  from  Rich  Lead  by  means  of 

Zinc. 

According  to  Parkes,t  argentiferous  lead  may  be  desilver- 
ised  by  fusing  it  with  zinc ;  when  the  metals  are  well  stirred 
together,  and  afterwards  allowed  to  remain  quiet  for  some 
time,  the  zinc  will  rise  to  the  surface,  and  will  be  found  to 
contain  nearly  all  the  silver.  The  argentiferous  zinc  is 
now  skimmed  ofT,  or  allowed  to  become  solid  and  form  a 
crust ;  this  may  be  raised  and  separated  from  the  lead,  and 
then  treated  for  its  silver,  which  may  be  obtained  in  a  pure 
state.  The  separation  of  the  zinc  from  the  silver  is  effedled 
either  by  distillation  or  by  a  treatment  with  muriatic  or 
sulphuric  acids.  The  argentiferous  residue  may  be  purified 
by  cupellation.  The  desilverised  lead  may  be  purified  from 
zinc  by  refining  in  reverberatory  furnaces. 

Though  this  mode  permits  a  complete  desilverising  of  the 

*  Ann  d.  min.,  iv.,  121. 

t  DiNOL.  polyt.  Joum.,  Bd..xi9,  p.  466.     Bgwksfd.,  xv.,  653. 
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lead,  it  was  relinquished  on  account  of  the  difficulty  in  treat- 
ing the  alloy  of  lead  and  zinc. 

Very  rich  lead  cannot  be  completely  desilverised  in  one 
operation  by  this  method,  and  a  combination  of  Parkes*  and 
Pattinson's  processes  might  perhaps  be  suitable  for  it.  The 
former  process  will  extradt  a  great  part  of  the  silver,  and  the 
latter  will  at  the  same  time  enrich  and  purify  the  poor  lead. 

According  to  Nevill,*  who  has  compared  both  methods,  a 
much  greater  quantity  is  extradled  by  Parkes'  process,  and 
he  states  that  the  loss  of  lead  amounts  to  i  per  cent,  and 
that  of  zinc  to  3-5ths  of  the  quantity  employed. 

The  quantity  of  zinc  to  be  added  depends  on  the  amount 
of  silver  contained  in  the  lead,  and  also  on  the  foreign  im- 
purities present  (sulphur,  arsenic,  antimony,  &c.),  which 
then  combine  in  great  part  with  the  zinc. 

This  process  was  carried  out  at  the  works  of  Messrs. 
Nevill, t  at  Llanelly,  as  follows: — 

About  6  tons  of  lead,  containing  about  14  ozs.  of  silver 
per  ton,  are  fused  in  an  iron  pan  like  that  used  in  Pattinson's 
process ;  into  this  about  i  per  cent  of  fused  zinc  is  poured, 
and  four  men  stir  the  fluid  metal  for  one  or  two  hours. 
The  fire  is  then  lowered,  and  the  mixture  allowed  to  rest 
for  some  time  until  a  scum  forms ;  this  scum  is  removed 
with  a  ladle  pierced  with  a  number  of  holes. 

When  the  crust  ceases  to  form,  the  lead  is  run  off  into  a 
reverberatory  furnace,  and  heated  in  a  flat  pan,  to  allow  the 
zinc  that  may  have  remained  in  it  to  volatilise  or  oxidise ; 
when  this  treatment  has  been  sufficiently  prolonged,  it  is  run 
into  an  iron  pot,  stirred  with  a  stick  of  green  wood  to  bring 
about  a  still  more  perfeA  oxidation,  and  then  cast  into 
moulds  for  sale. 

The  scum  taken  from  the  pot  is  partly  purified  from  the 
lead  with  which  it  was  mixed,  by  heating  in  an  inclined  iron 
retort.  The  lead  that  runs  out  of  this  zinc  contains  about 
1,000  ozs.  of  silver  to  the  ton,  and  is  ready  for  cupellation  ; 
the  residue  in  the  retort  is  transferred  to  clay  pots,  and  the 
zinc  distilled  from  it.    The  residue  consists  of  silver  mixed 

*  Erdmann's  Journ.  f.  pr.  Ch.,  Ixvii.,  257. 

f  B.  u.  h.  Ztg.,  185a,  p.  X.    £rdmann*8  Joum.  f.  pr.  Ch.,  xii.,  257. 
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with  much  antimony,  lead,  copper,  arsenic,  nickel,  &c. ;  this 
is  fused  with  lead  and  cupelled  for  its  silver. 

At  Tamowitz*  (Hungary),  experiments  were  made  to  de- 
silverise  raw  lead  containing  i\  or  z  ozs.  of  silver  by  this 
method,  and  ij  per  cent  of  zinc  was  required  to  effecSt  this 
desilverisation ;  the  remaining  lead  contained  o'ooS  of  an  oz. 
of  silver.  The  desilverisation  of  the  zinc  was  effedled  by 
distillation  in  muffles ;  the  cost  for  5  tons  of  raw  lead  treated 
by  this  method  amounted  to  about  £2,  and  the  cost  of  cupel- 
ling the  same  quantity  to  about  £6. 

B.  EXTRACTION  OP  SILVER  IN  THE  WET  WAY. 

To  extraA  silver  from  ores  or  produdls  by  the  wet  way  it 
must  be  converted — 

1.  Into  chloride  of  silver,  from  which  the  silver  may  be 
extradled  by  mercury  (amalgamation);  or  the  chloride  of 
silver  is  dissolved  in  a  solution  of  common  salt  and  precipi- 
tated by  copper  (Augustin's  process) ;  or  the  chloride  of  silver 
is  dissolved  by  hyposulphite  of  soda,  and  the  silver  thrown 
down  as  a  sulphide  by  polysulphide  of  sodium  (Patera's 
method). 

2.  The  silver  is  dissolved  as  a  sulphate  and  precipitated 
by  copper  (Ziervogel's  process). 

3.  The  argentiferous  produdt  is  treated  with  dilute  sul- 
phuric acid,  and  the  silver  extraAed  from  the  argentiferous 
residue  either  by  fusion  with  lead  or  in  the  wet  way  (extrac- 
tion by  means  of  sulphuric  acid). 

The  choice  between  these  different  processes  depends  chiefly 
on  the  composition  of  the  substances  under  treatment, 
whether  they  contain  more  or  less  lead,  antimony,  arsenic, 
and  zinc. 

I.  Extraction  of  Silver  by  means  of  Mercury  (Amal- 
gamation). 
This  processt  is  based  upon  the  property  which  mercury 
possesses  of  forming  an  alloy  or  amalgam  with  silver  which 
decomposes  when  heated,  the  mercury  being  volatilised, 

•  Kar8TBN*8  Archiv.,  2  R.,  xxv.,  19a.    B.  u.  h.  Ztg.,  185a,  p.  82S. 
f  Kar8TBN*8  Archiv.,  a  R.,  i.,  x6i. 
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while  the  silver  remains  as  a  residue.  It  was  first  introduced 
into  Mexico  by  Bartholom6  de  Medina  in  the  i6th  century, 
as  the  smelting  processes  could  not  be  carried  out  on  account 
of  a  scarcity  of  fuel ;  the  ores  are  treated  in  heaps  without 
the  application  of  a  high  temperature  {American  system  of 
amalgamation  in  heaps). 

In  1784,  Bom,  an  Austrian  mining  officer,  brought  this 
process  into  Europe,  conducing  the  amalgamation  in  copper 
pans.  Gellert  afterwards  employed  stationary  casks,  and 
at  Freiberg  Ruprecht  first  performed  this  process  in  rotating 
casks  {European  system  of  amalgamation  in  casks).  In  order 
to  facilitate  the  process,  it  is  partly  carried  on  with  the  ap- 
plication of  a  higher  temperature. 

In  both  methods  the  silver  contained  in  the  ores  is  first 
converted  into  chloride  of  silver  (in  the  European  system  by 
roasting  with  common  salt,  and  in  the  American  by  treating 
the  ores  at  the  common  temperature  with  chlorides),  the 
chloride  of  silver  is  decomposed  in  the  European  method  by 
iron,  and  in  the  American  method  direft  by  mercury;  the 
liberated  silver  is  then  seized  upon  by  the  mercury,  the  amal- 
gam is  heated,  and  the  remaining  silver  refined. 

The  European  system  of  amalgamation  is  preferable^  as 
it  extraAs  the  silver  quicker  and  more  perfectly,  causing  from 
8  to  12  times  less  loss  of  quicksilver ;  yet  the  American  plan 
is  still  frequently  carried  out  in  America  in  places  where 
quicksilver  is  cheap,  fuel  wanting,  salt  expensive,  and  ma- 
chinery not  easily  obtainable;  the  climatic  conditions  of 
South  America  also  assist  the  chemical  reactions. 

To  lessen  the  loss  of  silver  occasioned  by  roasting,  the  two 
processes  have  been  so  combined  that  the  transformation  into 
chloride  may  take  place  at  the  common  temperature,  and 
casks  are  employed  for  amalgamation. 

If  the  silver  ores  contain  much  gold  it  is  advisable  to  treat 
them  in  amalgamation  mills  or  pans  at  a  higher  temperature 
without  roasting,  by  adding  decomposing  agents  (potash, 
acids,  &c.)* 

*  B.  u.  h.  Zt^,^  1861,  p.  207 ;  1862,  p.  83.  Winkler,  die  Europaische  Amal- 
gamation der  Silbererze.  Freiberg :  1848. 
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European  Process  of  Amalgamation  in  Casks. — ^This 
method  of  extradling  silver  consumes  less  time  than  fusion 
with  lead,  and  allows  a  saving  of  fuel,  a  quicker  and  more 
complete  extraftion  of  the  silver,  a  better  control  of  the  pro- 
cess, and  is  cheaper  if  the  price  of  quicksilver  is  not  very 
high.  On  the  other  hand,  the  process  of  amalgamation  re- 
quires for  treatment  ores  and  produdls  free  from  certain 
noxious  substances,  and  copper  and  gold,  if  present  in  the 
ores,  are  partly  lost  in  the  process ;  this  prevents  its  being 
as  generally  applied  as  the  fusion  process  with  lead.  Lately, 
also,  other  processes  have  been  substituted  for  it. 

According  to  Roszner,*  gold  in  auriferous  and  argentiferous 
ores  forms  a  double  salt,  Au^  CI3,  NaCl  +  NaCl,  which  com- 
bination is  slightly  soluble  in  a  solution  of  common  salt, 
somewhat  more  so  if  protochloride  of  iron  be  present,  but  not 
at  all  if  basic  chloride  of  iron  is  contained  in  the  solution ;  it 
is  also  undecomposable  by  quicksilver.  Winklert  obtained 
from  auriferous  silver  ore  by  the  amalgamation  process 
auriferous  silver  containing  0*05  per  cent  of  gold,  whilst  the 
same  ore  treated  by  the  fusion  process  yielded  silver  con- 
taining 0*14  per  cent  of  gold. 

Janikovitst  states  that  by  roasting  auriferous  ores  with 
common  salt,  chloride  of  gold  is  formed,  which  is  reduced  by 
an  increased  temperature  (200*  C.)  to  sub-chloride,  and  by  a 
temperature  of  240*"  C.  to  metallic  gold. 

The  process  of  amalgamation  is  used  for  ores,  matts, 
speiss,  and  black  copper. 

Amalgamation  of  Silver  Ores. 
The  ores  must  be  as  free  as  possible  from  lead,  bismuth, 
copper,  gold,  nickel,  and  cobalt,  as  the  first  three  metals  partly 
combine  with  the  amalgam,  and  are  therefore  lost ;  they  also 
form  a  tough  amalgam  which  is  separated  from  the  residues 
with  difficulty,  but  renders  it  richer.  These  metals  chiefly 
remain  in  the  residues,  and  can  only  be  extrafted  by  a  smelt- 
ing process. 

•  Oesterr.  Ztschr.,  1863,  N08.  25,  40.    B.  u.  h.  Ztg.,  1863,  p.  336. 
f  Winkler,  die  Amalgamation.,  i.,  p.  46.  Freiberg :  1848.  B.  u.  b.  Ztg.,  x86i» 
p.  208. 
X  Ibid.,  1861,  p.  325. 
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The  presence  of  lead  and  bismuth  renders  the  roasting 
difficult  by  an  inclination  to  cake ;  a  larger  amount  of  antimony 
and  arsenic  increases  the  volatilisation  of  silver  in  the  roast- 
ing process,  and  zinc  blende  has  a  similar  adlion.*  Quartz, 
heavy  spar,  and  earthy  silicates  do  not  interfere  at  all ;  calc 
spar,  brown  and  fluor  spar  are  transformed  by  the  roasting 
process  into  sulphates ;  siliceous  and  calcareous  ores  give 
better  results  combined,  than  by  themselves ;  aluminous  ores 
are  more  difficult  to  amalgamate.!  Pyritic  Diirr  ores  are 
best  adapted  for  the  process  if  they  contain  a  sufficient 
amount  of  pyrites  for  decomposing  the  salt  in  the  roasting 
process,  otherwise  such  fluxes  as  pyrites,  raw  matt,  or 
sulphate  of  iron  must  be  added.  If  the  ores  contain  too 
much  pyrites,  they  have  to  be  previously  roasted  until  they 
contain  no  more  than  sufficient  sulphide  of  iron ;  the  residues 
of  ores  containing  a  larger  amount  of  silver  will  be  too  rich. 

The  amalgamation  process  requires  the  following  manipu- 
lations : — 

z.  Pounding  the  Ore. — ^The  finer  the  ore  is  pounded  the 
quicker  and  more  perfeA  will  be  the  transformation  of  its 
silver  into  chloride  by  the  roasting  process ;  the  ore  is  there- 
fore generally  ground  and  passed  through  a  fine  sieve. 

a.  Mixing  the  Ores. — Siliceous,  calcareous,  and  alumi- 
nous ores  are  mixed  in  such  proportions  that  the  mass  con- 
tains the  proper  amount  of  silver  and  of  sulphides ;  this 
is  then  thoroughly  mixed  with  from  lo  to  12  per  cent  of 
common  salt.  In  Freiberg  they  use  two  different  mixtures, 
a  rich  one  and  a  poor  one,  the  rich  containing  from  0*24  to 
0*26  per  cent  of  silver,  and  from  22  to  24  per  cent  of  sul- 
phides of  iron,  and  the  poor  from  0*09  to  o'l  per  cent  of 
silver,  and  from  24  to  26  per  cent  of  sulphides. 

3.  Roasting  the  Ore. — ^The  ores  are  roasted  in  charges 
of  about  5  cwts.  in  reverberatory  furnaces  with  either  one  or 
two  hearths,  and  provided  with  condensation  chambers  * 
They  are  spread  out  upon  the  hearth,  and  dried  with  repeated 
turnings  over  at  a  dull  red  heat  till  the  decrepitation  of  the 

*  Freiberger  Jahrbuch,  1850,  p.  140. 

f  DiNOLBR*s  Polyt.  Jouni.,  Bd.  115,  p.  279. 
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salt  ceases;  the  caked  parts  are  then  crushed  with  a 
hammer,  and  the  fire  is  raised  so  as  to  bum  the  sulphur  and 
keep  the  ore  red  l^pt  for  about  two  hours,  during  which  time 
dense  greyish-white  vapours  of  arsenic,  antimony,  and  water 
are  exhaled. 

A  blue  flame  next  shows  the  commencement  of  desulphur- 
ation  or  oxidation,  by  which  the  sulphides,  the  antimony,  and 
arsenic  are  mostly  transformed  into  salts,  part  of  them  also 
into  free  oxides.  This  continues  for  about  two  hours,  during 
which  time  the  ignition  is  kept  up,  and  the  mass  is  thoroughly 
turned  over  in  order  to  present  new  surfaces,  and  prevent 
caking.  When  sulphurous  acid  ceases  to  be  formed,  the  final 
calcination  must  be  commenced  with  increased  firing,  the 
object  now  being  to  decompose  the  salt  by  means  of  the 
metallic  sulphates  which  have  been  generated,  and  to  con- 
vert them  into  chlorides,  with  the  simultaneous  produAion 
of  sulphate  of  soda.  The  stirring  is  to  be  continued  till  the 
samples  drawn  from  the  hearth  no  longer  smell  of  sulphur, 
but  only  of  hydrochloric  acid.  The  roasting  mass  will  then 
have  assumed  a  woolly  appearance.  This  stage  of  the  roast- 
ing commonly  lasts  J  of  an  hour. 

The  fuel  (Freiberg)  of  the  first  firing  is  pit  coal ;  of  the 
final  one,  fir-wood.  On  an  average  115 J  cubic  feet  of  pit 
coal  and  294^  of  fir-wood  are  consumed  for  every  5  tons 
of  ore. 

During  the  last  roasting  the  ore  increases  in  bulk  by  one- 
fourth,  and  consequently  becomes  a  lighter  powder,  and  of  a 
brown  colour.  When  this  process  is  completed  the  ore  is 
raked  out  upon  the  stone  pavement,  allowed  to  cool,  and  then 
sifted  in  close  boxes,  in  order  to  separate  the  finer  powder 
from  the  lumps,  which  are  to  be  broken  up,  mixed  with  salt, 
and  subjedted  to  another  calcination  ;  the  finer  powder  alone 
being  taken  to  the  mill.  (The  stones  at  Freiberg  are  of  granite, 
and  make  from  100  to  120  revolutions  per  minute).  The 
roasted  ore,  after  it  has  passed  through  the  bolter  of  the 
mill,  must  be  as  impalpable  as  the  finest  flour. 

4.  The  Amalgamation. — Fig.  94  shows  the  amalgamation 
machinery  used  in  the  works  near  Freiberg,  which  furnish 
the  best  model  of  the  European  system  of  amalgamation. 

VOL.  I.  Y 
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ay  is  a  cask  in  which  the  amalgamation  is  performed ;  it  is 
2  feet  ID  inches  long,  2  feet  8  inches  wide,  measured  inside, 
and  is  provided  with  iron  ends.  The  staves  are  3^  inches 
thick,  and  are  bound  together  with  iron  hoops.  It  turns 
upon  a  shaft  which  passes  through  its  axis,  and  can  be  made 
to  revolve  by  the  cog-wheel,  6.  It  has  a  double  bung-hole, 
one  within  the  other,  secured  by  an  iron  plug  fastened  with 
screws.  It  is  filled  by  means  of  a  hopper  (e)  in  the  second 
story  of  the  building,  which  is  provided  with  the  proper  quan- 
tity of  ore,  and  by  means  of  the  hose  (g^)  the  powder  falling 
through  the  pipe  (/)  is  conveyed  diredtly  into  the  cask.  The 
box  (A)  holds  water,  which  can  be  readily  carried  by  the  tube 
(0  into  the  cask.  A,  is  a  tube  connedled  with  a  reservoir 
by  which  the  mercury  is  introduced.  At  the  end  of  the 
process  the  cask  is  turned  so  as  to  have  the  bung  downwards ; 
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a  tube  (0  is  attached  to  the  opening,  and  the  amalgam 
allowed  to  run  into  the  trough,  m.  The  remainder  of  the 
contents  are  then  emptied  into  the  trough,  n.  d,  is  a  driving 
wheel  by  means  of  which  the  cask  is  set  in  motion. 

Fig*  95  presents  a  vertical  seftion  of  the  Freiberg*  works, 

Fig.  95. 
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subdivided  into  four  main  departments.  The  first,  A,  b,  is 
devoted  to  the  preparation  and  roasting  of  the  matter  in- 
tended for  amalgamation.  The  second,  b,  c,  is  occupied 
with  the  successive  sittings  and  the  milling.  The  third, 
c,  D,  includes  the  amalgamation-room  and  the  wash-house 
of  the  residues  below.  And  in  the  fourth,  d,  b,  the  distil- 
ling apparatus  is  placed,  and  there  the  amalgam  is  finally 
delivered. 

Thus,  from  one  extremity  of  this  building  to  the  other, 
the  workshops  follow  in  the  order  of  the  processes ;  and  the 
whole  length  of  180  feet  seems  to  be  a  laboratory,  through 
which  the  materials  pass,  as  it  were  of  themselves,  from 
their  crude  to  their  refined  condition;  the  works  are  re- 
markable for  the  skilfully  economised,  and  methodical 
labours  of  the  workmen,  and  the  regularity,  precision,  and 
facility  which  pervade  the  long  series  of  combinations, 
movements,  and  metamorphoses  of  matter. 

The  following  points  require  notice : — i.  In  division  A,  b, 
a,  a,  is  the  magazine  of  salt ;  6,  b,  is  the  hall  for  the  pre- 
paration of  the  ores,  on  the  floor  of  which  they  are  sorted, 
interstratified,  and  mixed  with  salt ;  c,  c,  are  the  roasting 
furnaces ;  in  each  of  which  we  see, — i,  the  fire-place ;  2,  3, 

*  Dr.  Urb*s  Diaionaiy  of  Arts,  &c.,  vol.  iii.,  p.  666.    London  :  1867. 
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the  xeverberatoiy  hearth,  divided  into  two  portions,  one  a 
little  higher  than  the  other,  and  more  distant  from  the  fire- 
place, called  the  drier.  The  materials  to  be  calcined  fall 
into  it  through  a  chimney,  6.  The  other  part  (2)  of  the  hearth 
is  the  calcining  area.  Above  the  furnace  are  chambers  of 
sublimation,  4,  5,  for  condensing  any  volatile  matters  which 
may  escape  by  the  opening,  7 ;  ^,  is  the  main  chimney. 

2.  In  the  division,  B,  c,  we  have  rf,  the  floor  for  the  coarse 
sifting,  and  beneath  it  that  for  the  fine  sifting ;  from  this 
the  matters  fall  into  the  hopper,  whence  they  pass  down  to 
g^  the  mill-house,  where  they  are  ground  to  flour  exadlly  as 
in  a  corn-mill,  and  are  afterwards  bolted  through  sieves ; 
^,  /,  is  the  gearing  of  the  mill. 

3.  The  compartment,  c,  d,  is  the  amalgamation  house, 
properly  speaking,  where  the  casks  are  seen  in  their  places. 
The  washing  of  the  residues  is  efiedled  in  the  shop,  / ;  below 
(ft,  h)  is  the  compartment  containing  the  revolving  casks. 

4.  In  the  division,  d,  b,  the  distillation  process  is  carried 
on ;  there  are  four  similar  furnaces ;  g*,  is  a  store  chamber. 

At  B,  are  placed  the  pulleys  and  windlass  for  raising  the 
roasted  ore  to  be  sifted  and  ground ;  also  for  raising  the 
milled  flour  to  be  transported  to  the  amalgamation  casks ; 
at  D,  stands  the  crane  for  raising  the  iron  bells  that  cover 
the  supports  which,  on  account  of  their  shape,  are  called 
candelabra. 

Veatsch*  has  construfted  stationary  casks  for  amalgama- 
tion, and  inside  them  iron  or  copper  plates  are  moved  round 
by  means  of  a  vertical  axis ;  the  bottom  of  the  cask  is  pierced 
with  holes  for  admitting  steam.  These  casks  require  little 
space  and  little  motive  power,  and  one  of  them  is  said  to 
effedl  as  much  work  as  6  horizontal  casks,  each  of  10  cwts. 
charge. 

The  amalgamation  may  be  divided  into  the  following  three 
periods : — 

a.  Each  cask  is  charged  first  with  i  cwt.  of  iron,  i^  inch 
square  and  f  thick,  or  in  the  form  of  balls;  then  about 
3  cwts.  of  water  (at  Arany-Idka  this  is  previously  warmed 

•  B.  u.  h.  Ztg.,  1863,  p.  107. 
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to  20*"  C.)  are  poured  in,  and  from  lo  to  14  cwts.  of  the 
bolted  ore  flour  are  introduced.  The  casks  being  two-thirds 
full,  are  made  to  revolve  for  two  hours,  making  10  or  12 
turns  per  minute,  till  the  ore  powder  and  water  have  become 
of  a  uniform  paste.  As  soon  as  this  is  the  case,  there 
follows : — 

b.  The  second  period,  that  of  amalgamation.  From  3  to 
5  cwts.  of  mercury  are  poured  into  each  cask ;  they  are  then 
made  tight  and  are  put  in  gear  with  the  driving  machinery, 
and  are  kept  constantly  revolving  for  18  or  20  hours,  at  the 
rate  of  from  20  to  22  turns  per  minute.  During  this  time 
they  are  twice  stopped  and  opened,  in  order  to  ascertain  if 
the  paste  be  of  the  proper  consistence,  for  if  it  is  too  thick, 
the  globules  of  mercury  do  not  readily  combine  with  the 
particles  of  ore,  and  if  too  thin,  they  fall  and  rest  on  the 
bottom.  In  the  first  case,  some  water  must  be  added ;  in 
the  second,  ore.  If  the  dispersed  quicksilver  shows  a  greyish 
black  colour,  more  iron  is  added ;  and  the  velocity  of  the 
casks  is  increased  if  the  quicksilver  appears  as  a  white 
powder.  The  reaftion  between  the  iron,  mercury,  and  silver 
ores  causes  the  temperature  to  rise,  so  that  even  in  winter 
it  sometimes  stands  as  high  as  104**  F. 

The  chemical  changes  which  occur  in  the  casks  are  as 
follows : — 

The  metallic  chlorides  present  in  the  roasted  ore  are 
decomposed  by  the  iron,  whence  results  chloride  of  iron, 
whilst  the  chloride  of  copper  is  reduced  partly  to  sub-chloride 
and  partly  to  metallic  copper.  Which  then  precipitates  metallic 
silver.  The  mercury  dissolves  the  silver,  copper,  lead,  anti- 
mony, &c.,  forming  a  complex  amalgam.  If  the  iron  is  ndl  pre- 
sent in  sufiicient  quantity,  or  if  it  has  not  been  worked  with 
the  ore  long  enough  to  convert  the  chloride  of  copper  into 
sub-chloride,  previous  to  the  addition  of  the  mercury,  more 
or  less  mercury  will  be  wasted  by  its  conversion  into  calomel. 
Chlorides  of  manganese,  zinc,  nickel,  and  cobalt,  are  not  trans- 
formed, and  may  be  afterwards  precipitated  from  the  solution 
by  lime ;  only  half  the  gold  contained  in  the  ore  is  extracted 
by  this  process.  If  many  foreign  chlorides  are  contained 
in  the  mass  in  consequence   of  too   low  a  temperature 
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during  the  roasting  process,  some  lime  may  be  added  to  de- 
compose them.  When  the  ores  are  very  rich  in  copper, 
copper  is  added  instead  of  iron,  as  iron  causes  the  forma- 
tion of  an  amalgam  rich  in  copper  (Mexico).* 

c.  As  soon  as  the  amalgamation  is  complete,  the  casks  must 
be  filled  with  water,  made  to  revolve  slowly  (about  6  to  8 
times  a  minute),  by  which  in  an  hour,  or  an  hour  and  a  half 
at  most,  a  great  part  of  the  amalgam  will  have  coUedled  at 
the  bottom,  and  in  consequence  of  the  dilution,  the  small 
amount  of  chloride  of  silver,  held  in  solution  by  the  salt,  will 
fall  down  and  be  decomposed.  Into  the  small  plug  in  the 
centre  of  the  bung  a  tube  with  a  stopcock  is  now  to  be 
inserted,  to  draw  ofT  the  amalgam  into  its  appropriate 
chamber.  The  tap  must  be  turned  whenever  the  brown 
muddy  residue  begins  to  flow.  The  main  bung  being  then 
opened,  the  remaining  contents  of  the  casks  are  emptied  into 
the  wash'tun,  while  the  pieces  of  iron  are  kept  back.  The 
residuary  ore  is  found  to  be  deprived  of  its  silver  to  within 
o'i5  to  0*17  of  an  ounce  per  cwt. ;  160  tons  of  ore  are  amal- 
gamated in  14  days.  For  working  5  tons  of  ore,  14J  lbs. 
of  iron  are  required ;  and  for  every  pound  of  silver  obtained, 
3  02s.  of  mercury  are  consumed. 

Experiments  have  been  made  to  condudl  the  amalgama- 
tion process  in  iron  casks,  heated  to  150"*  or  160**  F.  over  a 
fire ;  but  though  the  desilverising  was  more  complete,  the 
loss  of  mercury  was  so  much  greater  as  to  more  than 
counterbalance  that  advantage. 

5.  Treatment  of  the  Residues. — When  passing  from  the 
cask^  and  along  the  trough  to  the  wash-tun,  the  residues  are 
continually  stirred,  so  that  the  small  grains  of  amalgam  with 
which  they  are  mixed  may  fall  to  the  bottom  and  be  coUedled ; 
residues  containing  gold  and  silver  are  treated  by  some 
smelting  processes.!  The  liquid  from  the  residues  is  col- 
ledled  in  a  reservoir  and  concentrated,  and.  the  sulphate 
of  soda  contained  in  it  extracted  by  crystallisation  (Arany- 
Idka). 

*  B.  u.  h.  Ztg.,  i860,  p.  487. 

f  B.  u.  h.  Ztg.,  1848,  pp.  628,  649 ;  1849,  p.  x8o.  Erdmann's  Journal,  xix., 
(1 8.    Freiberger  Jahrbuch,  1848,  pp.  78,  80. 
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6.  Treatment  of  the  Amalgam.— The  amalgam  is  first 
washed  with  water  in  suitable  vessels,  and  then  in  a  moist 
canvas  bag,  through  which  the  thin  uncombined  quicksilver 
passes  spontaneously ;  the  bag  is  then  tied  up  and  subje£ted 
to  pressure  (this  is  the  oldest  method  used  in  Freiberg).  A 
more  complete  separation  of  the  uncombined  mercuiy  may 
be  effedted  by  allowing  the  amalgam  to  settle  in  a  narrow 
wooden  tube,  about  8  feet  high,  previous  to  its  treatment  in 
the  canvas  bag ;  the  mercury  will  coUeft  in  the  bottom  of 
the  tube,  and  the  amalgam,  being  specifically  lighter,  will  float 
upon  it.  In  Arany-Idka  a  machine  is  used  for  this  separa- 
tion, which  consists  of  a  cylindrical  wooden  vessel,  into 
which  a  hollow  cylinder  of  perforated  iron-plate  is  fitted ; 
the  amalgam  being  put  into  a  bag  of  fustian  is  pressed  in  the 
hollow  cylinder  by  means  of  a  screw.  At  PouUaouen  the 
amalgam  is  treated  by  hydraulic  pressure  in  an  iron  cylinder 
furnished  with  a  bottom  of  beech-wood,  through  which  the 
quicksilver  is  forced. 

If  plumbiferous  silver  amalgam*  is  squeezed  at  a  tem- 
perature of  So""  to  loo"*  C,  the  lead  amalgam  will  go  with  the 
mercury,  whilst  the  silver  amalgam  will  remain  in  the  bag. 
If  the  plumbiferous  mercury  is  pressed  after  having  cooled, 
the  lead  amalgam  will  remain,  whilst  only  mercuiy  will  pass 
through  the  bag. 

In  Freiberg  from  3  to  3^  cwts.  of  solid  amalgam  are  thus 
procured  from  20  casks,  usually  consisting  of  i  part  of  an 
amalgam  containing  from  75  to  81  per  cent  of  silver,  and 
6  parts  of  quicksilver ;  the  foreign  metals  in  the  alloy  are 
copper,  lead,  gold,  antimony,  cobalt,  nickel,  bismuth,  zinc, 
arsenic,  and  iron;  moreover,  the  filtered  quicksilver  contains 
I  or  ij  ozs.  of  silver  in  the  cwt. 

7*  Distillation  of  the  Amalgam. — ^The  apparatus  t  used 
for  distilling  the  amalgam  in  the  Halsbriicke  works,  near  Frei- 
berg, is  represented  by  Fig.  96 — a,  is  a  wooden  drawer,  slid- 
ing in  grooves  upon  the  basis,  g;  b,  is  an  open  basin  or  box 
of  cast-iron,  laid  in  the  wooden  drawer ;  j^,  is  a  kind  of  iron 


•  B.  u.  h.  Ztff..  1863,  p.  7. 

t  Ure's  Didtonaiy  of  Arts,  &c.,  vol.  iii.,  P*  669. 
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candelabrum,  supported  upon  4  feet,  and  set  in  the  basin  b  ; 
under  rf,  are  five  dishes  or  plates  of  wrought  iron,  with  a 
hole  in  the  centre  of  each,  by  which  they  are  fitted  upon  the 
stem  of  the  candelabrum,  3  inches  apart,  each  plate  being 
successively  smaller  than  the  one  below  it.  3,  represents  a 
cast-iron  bell,  furnished  with  a  wrought  iron  frame  and  hook, 
for  raising  it  by  means  of  a  pulley  and  cord ;  s,  is  a  sheet-iron 
door  for  closing  the  stove  whenever  the  bell  has  been  set  in 
its  place. 

The  box,  a,  and  the  basin  b,  above  it,  are  filled  with 
water,  which  must  be  continually  renewed  through  a  pipe 
in  the  side  of  the  wooden  box,  so  that  the  iron  basin  may 
always  be  kept  submerged  and  cool.  The  drawer  (a)  being 
properly  placed,  and  the  plates  under  (d)  being  charged  with 
balls  of  amalgam  (weighing  altogether  3  cwts.),  the  bell  (3) 
is  let  down  into  the  water,  as  at  y,  and  allowed  to  rest  upon  the 
lower  part  of  the  candelabrum.  Upon  the  ledge  (i)  which 
represents  the  bottom  of  the  fire-place,  a  circular  plate  of 
iron  is  laid,  having  a  hole  in  the  middle  for  the  bell  to  pass 
through.  Under  this  plate  chips  of  fire-wood  are  kindled, 
then  the  door  (s)  which  is  lined  with  clay,  is  closed  and  luted 
tight.  The  fuel  is  now  placed  in  the  vacant  space  (ft)  round 
the  upper  part  of  the  bell;  the  fire  must  be  fed  very  gradually, 
first  with  turf,  then  with  charcoal;  as  soon  as  the  bell 
becomes  red,  the  mercury  volatilises,  and  condenses  in 
globules  in  the  bottom  of  the  basin  b.  After  eight  hours 
the  fire  is  stopped,  provided  no  more  drops  of  mercuiy  are 
heard  to  fall  into  the  water.    When  the  bell  has  cooled,  it 
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is  lifted  off;  the  plates  are  removed  from  the  candelabrum  (i) ; 
and  this  being  taken  out,  the  drawer  is  slid  away  from  the 
furnace. 

The  mercury  is  drained,  dried,  and  returned  to  the  amal- 
gamation works. 

The  silver,  which  is  more  or  less  pure,  and  has  a  cauli- 
flower-like appearance,  is  fused  and  refined  by  cupellation. 

The  water  used  is  passed  through  reservoirs. 

This  mode  of  distilling  the  amalgam  requires  much  time 
and  fuel,  and  does  not  effedt  a  perfedt  separation  of  the  mer- 
cuiy ;  also  frequent  cracking  of  the  bells  causes  a  loss  of 
quicksilver,  and  there  is  no  way  of  knowing  the  end  of  the' 
operation-  but  by  experience ;  therefore  it  has  in  most  places 
been  superseded  by  the  process  of  distilling  in  retorts,  as 
consuming  less  fuel,  causing  less  loss  of  mercury,  and  per- 
mitting the  operation  to  proceed  better. 

The  apparatus  used  in  Arany-Idka  is  represented  by  Fig. 
97.  The  retort  consists  of  two  parts — the  crucible^  6,  and  the 

Fig.  97. 


capital  and  neck,  c  and  d,  which  are  screwed  together.  The 
crucible  is  11  inches  deep  and  22  inches  wide  at  the  mouth. 
The  retort  is  connedled  with  a  refrigerator,  e,  by  the  con- 
ducting tube,  gy  and  the  condensed  mercuiy  drops  into/.  The 
crucible  is  furnished  in  the  middle  with  a  piece  of  plate  iron 
(divider)  which  exaAly  fits  the  inside  of  it,  causing  one  half 
of  the  silver  to  cake  on  one  side  of  the  plate,  and  the  second 
half  on  the  other;  the  whole  may  then  be  drsLwn  out  together 
by  the  plate.  Both  the  plate  and  the  crucible  are  previously 
coated  with  lime. 
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The  crucible  is  charged  with  4  cwts.  of  amalgam,  and  a 
slow  fire  is  made  in  order  to  avoid  a  formation  of  finely  divided 
mercury,  and  to  prevent  much  silver  being  carried  along  with 
the  mercury.  The  fire  is  not  increased  until  the  mercury 
begins  to  distil  with  a  rushing  noise.  At  last  the  tempera- 
ture is  raised  to  a  red  heat ;  the  process  takes  about  5  hours, 
consuming  12*9  cubic  feet  of  charcoal  for  eveiy  cwt.  of  dis- 
tilled mercury. 

At  Arany-Idka,  in  Hungaiy,  in  1861, 1,050  tons  of  ore  flour, 
containing  2634*4063  lbs.  of  silver,  were  treated  by  the  amal- 
gamation process.  They  were  roasted  in  4  reverberatory 
furnaces,  each  with  two  hearths,  in  2,055  shifts  of  12  hours, 
at  a  cost  of  jf  no  12s. ;  the  cost  of  grinding  and  sifting  the 
ores  amounted  to  £97  i6s.  The  ore  was  amalgamated  in 
1,751  casks  at  a  cost  of  about  £477  4s.,  and  yielded  15!  tons 
of  amalgam,  containing  2632*422  lbs.  of  silver.  The  amal- 
gam, after  having  been  pressed,  contained  85  or  86  per  cent 
of  mercury,  9  or  10  per  cent  of  silver,  and  from  4  to  6  per 
cent  of  copper,  iron,  antimony,  and  lead.  It  yielded  by  the 
distilling  process  2^  tons,  93  lbs.  of  silver,  and  131!^  tons, 
77}  lbs.  of  mercury ;  the  loss  of  mercury,  therefore,  amounted 
to  o*95  per  cent.  By  fusing  those  4394*2527  lbs.  of  silver, 
4286*8223  lbs.  of  raw  silver,  containing  2632*9762  lbs.  of  fine 
silver,  were  produced. 

The  total  cost  for  1861  amounted  to  £2,456  6s.,  and  per 
lb.  of  silver,  to  i8s.  4d.  23*25  cubic  feet  of  wood  were  con- 
sumed for  roasting  and  amalgamating  5  tons  of  ore  flour, 
and  310J  tons  of  mercury  were  used  for  1,050  tons  of  ore 
flour ;  the  loss  of  mercury  amounted  to  0*225  02.  per  cwt. 
of  ore,  and  to  1*815  ozs.  per  lb.  of  silver.  The  consumption 
of  iron  was  1*465  ozs.  per  cwt.  of  ore,  and  11*68  ozs.  per  lb. 
of  silver ;  the  consumption  of  salt  was  16  per  cent  of  the  ore, 
the  latter  containing  from  15  to  18  per  cent  of  sulphides.  If 
the  percentage  of  sulphides  increases,  the  consumption  of  salt 
may  be  lessened,  as  more  sulphuric  acid  will  be  formed,  caus- 
ing a  more  perfect  separation  of  chlorine.  A  surplus  of  salt 
is  generally  advisable  to  avoid  a  formation  of  silicate  of  silver 
which  is  likely  to  take  place  in  the  roasting  process,  and  to 
convert  the  greater  part  of  the  silver  into  chloride.    Such  a 
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surplus  of  salt  at  Arany-Idka,  in  the  years  i860  and  1861, 
caused  the  residues  to  contain  only  0*004  per  cent  of  silver. 

Roeszner's  method  of  extracting  silver  and  gold*  has  been 
lately  substituted  for  the  amalgamation  process. 

At  HuSlgoetyt  ores  with  from  o'g  to  17  ozs.  of  silver  in  the 
cwt.  are  roasted  for  4  hours  with  5  per  cent  of  sea  salt,  then 
treated  in  the  cask  with  iron  for  four  hours,  and  for  24  hours 
with  mercury.  One  cask  contains  740  lbs.  of  ore  flour  and 
sea  salt,  60  lbs.  of  mercury,  and  80  lbs.  of  iron.  The  dis- 
tilling of  the  amalgam  is  efFedled  in  a  retort,  and  the  result- 
ing silver  contains  30  per  cent  of  silver,  besides  some  copper, 
iron,  tin,  and  mercury ;  i  cwt.  of  residues  contains  o'o8  oz.  of 
silver,  and  the  loss  of  mercuiy  amounts  to  0*9  oz.  per  cwt. 
of  ore. 

The  most  extensive  amalgamation  works  in  Europe^  are 
probably  those  of  La  Bella  Raguel,  where  the  ores  obtained 
from  the  mines  of  Hiendeleucina,  situated  in  the  province 
of  Guadalajura,  Spain,  are  chiefly  washed  in  revolving  appa- 
ratus, and  are  subsequently  treated  in  barrels,  sixty  of  which 
are  employed. 

The  European  amalgamation  is  also  carried  out  at  Arivaca,|| 
in  Mexico,  for  treating  aigentiferous  copper  ores  containing 
25  or  30  per  cent  of  silver  and  from  15  to  70  per  cent  of  copper. 
They  are  roasted  with  an  addition  of  common  salt  and  from 
3  to  5  per  cent  of  lime  (to  prevent  a  formation  of  chloride  of 
copper) ;  they  are  then  treated  in  revolving  casks,  first  with 
water  and  copper,  and  afterwards  with  mercury.  The  loss 
of  mercuiy  amounts  to  7  or  8  ozs.  per  lb.  of  silver ;  the  loss 
of  silver  during  the  roasting  process  is  sometimes  as  much  as 
15  per  cent. 

Amalgamation  of  Argentiferous  Matt. 

Matt,  with  the  exception  of  copper  matt,  is  treated  like 
ore.  It  is  first  roasted  by  itself,  and  afterwards  mixed  with 
salt,  lime,  and  water ;  when  dried  it  is  again  roasted.    The 

*  Oesterr.  Ztschr.,  1863,  No.  40.    B.  u.  h.  Ztg.,  1863,  p.  428. 
f  RivoT,  Trait6  de  M^tallurgie,  z86o,  i.,  pp.  652,  676.    B.  u.  h.  Ztg.,  1859, 
p.  351- 
t  Urb*s  Didionary  of  Arts,  Ac,  vol.  iii.,  p.  669.    London  :  1867. 
II  B.  u.  h.  Ztg.,  i860,  pp.  4871  498- 
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addition  of  lime  is  made  in  order  to  decompose  the  chlorides 
which  might  be  formed  by  the  roasting  process,  and  which 
would  otherwise  cause  the  formation  of  calomel  in  the  amal- 
gamation process ;  lime,  therefore,  lessens  the  loss  of  mer- 
cury, but,  on  the  other  hand,  it  may  acJt  disadvantageously 
on  the  yield  of  silver,  as  oxide  of  silver  will  probably  be  pre- 
cipitated by  lime  if  sulphate  of  silver  is  present. 

Amalgamation  of  Speiss. 

Speiss  is  first  roasted  by  itself,  and  afterwards  with  salt  ; 
at  this  last  roasting  an  addition  of  sulphate  of  iron  is  given 
to  liberate  the  chlorine,  if  sufficient  sulphur  in  form  of  matt 
is  not  left  in  the  speiss  when  producing  it.  If  the  speiss  con- 
tains too  little  matt  the  roasting  process  will  cause  great  loss 
of  silver,  and  if  it  contains  an  excess  of  matt,  a  separation  of 
basic  iron  salts  will  take  place,  causing  a  large  consumption 
of  iron  and  copper,  as  well  as  mercury,  during  the  amalgama- 
tion. If  the  roasting  process  is  not  very  carefully  carried  on, 
a  great  loss  of  silver  may  be  occasioned  by  too  high  a  tem- 
perature, causing  part  of  the  arseniate  of  silver  to  be  reduced 
to  metallic  silver,  which  is  then  volatilised  partly  as  oxide 
and  partly  as  chloride,  together  with  other  metallic  chlorides. 
An  addition  of  lime  is  made  to  the  roasting  and  amalgama- 
ting of  the  speiss  in  order  to  counteradl  the  formation  of 
metallic  chlorides,  and  copper  is  used  instead  of  iron  to  pre- 
vent the  formation  of  a  cupriferous  amalgam. 

At  the  Stephanshiitte,*  in  Upper  Hungary,  copper  speiss, 
containing  25  per  cent  of  copper,  o'28  per  cent  of  silver,  58 
per  cent  of  antimony,  8  per  cent  of  iron,  5  per  cent  of  sul- 
phur, 2  per  cent  of  arsenic,  a  little  bismuth,  lead,  cobalt,  and 
nickel,  and  a  small  amount  of  gold,  is  amalgamated.  It  is 
first  roasted  in  quantities  of  5  cwts.  with  2  per  cent  of  lime- 
stone, for  5  hours  on  the  upper  hearth,  and  for  the  same  time 
on  the  lower  hearth  of  a  Hungarian  roasting  furnace.  It  is 
then  ground  and  sifted,  and  after  being  mixed  in  lots  of  6 
cwts.  with  I  per  cent  of  limestone  and  7  per  cent  of  salt,  is 
well  roasted  for  6  hours  on  the  lower  hearth  of  the  furnace. 

*  Oesterr.  Ztschr.,  1857,  P*  ^45  'f  '^^  ^o*  '^*    ^'  u*  ^'  ^^S**  '^^t  P-  '^* 
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When  the  roasting  mass  has  cooled  it  is  again  mixed  with 
I  per  cent  of  limestone,  and  finely  ground.  Twelve  cwts,  of 
this  ore  flour  mixed  with  2  per  cent  of  salt  are  formed  into  a 
paste  by  intimately  mixing  them  with  about  90  gallons  of 
a  hot  solution  of  salt  and  7  gallons  of  lime  white,  and  put  in 
a  cask  together  with  i  cwt.  of  copper  balls ;  the  cask  is  then 
set  to  revolve  for  5  hours  at  the  rate  of  25  revolutions  per 
minute.  Four  cwts.  of  mercury  are  now  added,  and  the 
turning  is  repeated  for  15  hours,  at  the  rate  of  18  revolutions 
per  minute ;  the  resulting  amalgam  is  squeezed  in  a  hydraulic 
press,  and  yields  if  per  cent  of  a  granular  amalgam  contain- 
ing 18  per  cent  of  silver. 

The  mixture  yields  977  per  cent  of  its  contained  silver 
with  a  loss  of  0*94  oz.  of  mercury  per  cwt.  of  raw  ore  flour, 
and  a  consumption  of  0*053  per  cent  of  copper. 

The  residues  are  heated  in  a  roasting  furnace  with  2  per 
cent  of  pyrites  and  5  per  cent  of  salt ;  the  gold  contained  in 
them  is  extracted  by  treatment  with  h3^osulphite  of  lime ; 
the  cupriferous  residues  are  treated  with  a  solution  of 
chloride  of  iron  to  dissolve  the  copper,  which  may  then  be 
precipitated  by  iron. 

Amalgamation  of  Black  Coppen 

When  finely  divided  aigentiferous  black  copper  is  heated 
with  an  excess  of  salt,  chloride  of  silver  and  protochloride 
of  copper  are  formed ;  the  chloride  of  copper  then  trans- 
forms metallic  silver  into  chloride  of  silver,  becoming  itself 
reduced  to  subchloride  of  copper. 

The  amalgamation  of  black  copper  is  advantageous,  as  it 
admits  of  a  quick  extradtion  of  the  silver,  and  of  the  pro- 
duction of  poor  residues  which  do  not  require  a  farther 
treatment  for  such  extradlion.  The  residues  obtained  by 
Augustin's  method  are  quite  as  poor,  but  the  redudlion  of 
the  precipitated  silver  by  this  process  is  more  difiicult  than 
by  the  amalgamation  process.  Recently  the  amalgamation 
of  black  copper  has  been  superseded  by  another  mode  of 
extracJtion  (Tajova*). 

*  Wehrle*s  Huttenkttnde,  ii.,  492. 
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Black  copper  free  from  lead  and  gold  should  be  treated 
by  amalgamation,  and  not  by  fusion,  as  amalgamation  is 
cheaper  and  simpler,  yielding  a  better  copper  poor  in  silver. 
The  advantages  are  less  marked  when  treating  plumbiferous 
copper,  and  auriferous  copper  is  best  treated  by  the  fusion 
process,  as  the  yield  of  gold  is  greater. 

At  SchmoUnitz,*  in  Hungary,  black  copper  containing 
from  5t  to  7J  ozs.  of  silver,  and  85  to  89  per  cent  of  copper, 
is  heated  in  a  reverberatory  furnace,  stamped  when  hot, 
and  afterwards  brought  to  a  very  fine  state  of  division  by 
grinding  and  sifting.  Lots  of  4  cwts.  with  an  addition  of 
about  8  per  cent  of  salt  are  roasted,  and  then  re-ground  and 
amalgamated.  One  cask  is  charged  with  from  12  to  15  cwts. 
of  ground  black  copper,  from  54  to  67  gallons  of  water,  i  cwt. 
of  copper  balls  (instead  of  iron),  and  4  cwts.  of  mercury. 

The  loss  of  silver  amounts  to  4}  per  cent  of  the  quantity 
present,  2^  per  cent  of  which  remain  in  the  residues,  and 
about  i  ounce  in  the  fine  copper.  The  liquation  process 
formerly  used  at  Tajova  for  extradling  the  silver,  caused  a 
loss  of  no  less  than  27  per  cent,  2  per  cent  remaining  in  the 
refined  copper.  Only  two  per  cent  of  copper  are  lost,  but 
2  ozs.  of  mercury  are  lost  for  every  cwt.  of  black  copper. 

Improvements  resulting  in  a  greater  jdeld  of  silver  have 
lately  been  made,  by  separating  the  black  copper  from  the 
speiss  present,  by  roasting  the  ground  copper  with  salt  for 
about  nine  hours,  and  by  amalgamating  it  for  40  or  44  hours 
instead  of  20  hours,  and  farther,  by  tapping  off  the  amalgam 
after  the  casks  have  slowly  rotated  for  20  or  24  hours,  and 
then  adding  fresh  mercuiy. 

At  Offenbanya,  in  Siebenbflrgen,  black  copper  containing 
10  per  cent  of  lead  is  roasted  for  six  hours,  together  with 
12  per  cent  of  salt,  i  per  cent  of  ferrous  sulphate,  and  3  per 
cent  of  nitre,  the  latter  to  oxidise  the  lead.  It  is  then  ground, 
re-roasted,  again  ground,  and  amalgamated. 

In  1830  the  cost  per  lb.  of  silver  was  3s.  gd.  by  the 
amalgamation  process,  and  i8s.  iid.  by  the  liquation  process. 

*  WiMKLBR,  Amalptm,  1848,  p.  154.  Oesterr.  Ztschn,  1856,  p.  129.  Annales 
des  Mines,  1855,  z  livr.,  p.  57.  Bericht  tiber  di^,  2.  Versamml.  d.  Berg,  und 
HUttenm&nner  in  Wien,  1862,  p.  82. 
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At  Cziklova,  in  Banat^  ground  black  copper  containing 
o'68i  ton  of  copper,  and  3*48  lbs.  of  silver  per  ton,  is 
roasted  for  12  hours,  in  charges  of  468  lbs.,  and  mixed  with 
5  per  cent  of  iron  pyrites  and  12  per  cent  of  salt,  causing  a 
loss  of  3  per  cent  of  copper,  and  7  per  cent  of  silver ;  the 
cost  of  roasting  i  ton  of  black  copper  amounts  to  £i  8s.  gd. 
1,344  lbs.  of  the  roasting  mass,  with  50  lbs.  of  black  copper, 
and  some  warm  water,  are  allowed  to  rotate  for  half  an  hour, 
then  338  lbs.  of  mercury  are  added,  together  with  some 
more  water,  and  the  casks  put  in  motion  for  about  17  hours. 
The  amalgam,  after  being  squeezed  in  canvas  bags  by 
hydraulic  pressure,  contains  14  per  cent  of  silver,  and  is 
distilled  in  a  bell  apparatus  in  quantities  of  170  lbs. ;  this 
takes  8  hours.  170  or  180  lbs.  of  the  resulting  silver  are 
refined  on  the  test  of  a  refining  furnace.  From  i  ton  of 
black  copper,  3*206  lbs.  of  fine  silver,  and  0*657  ton  of  copper 
are  left  in  the  residues,  causing  a  loss  of  7*8  per  cent  of 
silver,  and  3*5  per  cent  of  copper,  and  costing  £^  5s.  6d. 

The  cupriferous  residues  are  melted  in  cupola  furnaces, 
together  with  25  per  cent  of  iron  pyrites,  and  6  per  cent 
of  charcoal  powder,  for  the  produdtion  of  matt  and  black 
copper. 

The  American  System  of  Amalgamation  in  Heaps. 

This  system  has  the  following  advantages  over  other  modes 
of  desilverisation : — 

a.  It  is  least  dependent  on  the  locality,  requiring  almost 
no  fuel  and  water,  and  but  little  machineiy*  All  that  is 
necessary  for  its  accomplishment  are : — Firstly,  some 
machines  for  crushing  the  ore  after  it  has  been  broken  and 
dressed  by  hand ;  these  machines  are  either  crushing-rollers, 
or  more  generally  stamps,  called  in  Mexico,  molinos ;  the 
stamps  are  similar  in  principle  to  those  used  in  the  Cornish 
tin  mines,  but  less  powerful,  and  are  either  worked  by  water 
power  or  by  mules;  Fig.  98  will  give  a  sufiicient  idea  of  their 
construdlion.  As  the  ore  is  crushed,  it  falls  through  small 
holes  about  the  size  of  peas,  which  are  perforated  in  strong 
hide^  stretched  in  a  slope  on  either  side  of  the  machine,  and 
placed  over  a  pit  to  receive  the  fine  ore,  from  whence  it  is 
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FlQ.  98. 


conveyed  to  the  grinding  mills  (arrasires).  They  are  gene- 
rally moved  by  mules^  and  are  usually  arranged  in  rows  in  a 
gallery  or  shed,  as  will  be  seen  by  reference  to  Fig.  99, 

FiQ.  99. 


which  represents  the  gallery  of  the  Hacienda  of  Salgado.  A 
machine  has  been  introduced  at  Real  del  Monte,  which  has 
superseded  the  old  Mexican  arrastres ;  it  is  similar  in  prin- 
ciple to  some  of  the  grinding  mills  of  this  country,  and  to 
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the  irapiche  of  Peru,  consisting  of  two  large  circular  edge- 
stones  faced  with  iron,  and  moving  over  iron  bottoms,  the 
ore  being  crushed  and  ground  with  water  between  the  two 
metal  surfaces.  The  machine  is  turned  by  twelve  mules  in 
the  24  hours,  four  mules  working  at  a  time,  and  the  quantity 
ground  to  the  state  of  fine  slime  is  sixty  quintals,  or  about 
ten  times  the  quantity  ground  by  a  common  arrastre  ;  there 
is  reason  to  believe  that  the  quantity  might  be  doubled  by 
the  use  of  water  or  steam  power,  as  the  number  of  revolu- 
tions would  be  increased.  A  patio,  or  amalgamation  floor,  is 
also  required ;  in  some  places  it  is  boarded,  and  in  others 
paved  with  flat  stones ;  the  amalgamation  in  heaps  is  there- 
fore called  beneficio  por  patio.  Theie  are  also  required  some 
distilling  and  washing  apparatus,  some  rough  roasting  fur- 
naces, &c.  . 

The  establishments  maintained  for  extradling  the  silver 
from  the  ore  are  called  haciendas  de  beneficio,  or  haciendas  de 
plata :  and  there  are  many  of  great  extent  in  the  country. 
The  haciendas  Nueva  in  Fresnillo,  de  Sauceda  in  Zacatecas^ 
de  Barrera  in  Guanaxuato,  and  de  Regla  at  Real  del  Monte, 
are  at  present  the  principal  establishments  of  the  kind  in 
use.  That  in  Fresnillo  is  the  largest  in  which  amalgama- 
tion only  is  used,  the  outer  walls  being  1,360  feet  long,  by 
1,140  feet  wide.  Its  eredlion  cost  £75,000,  and  it  is  very 
complete  in  all  its  arrangements. 

6.  The  silver  is  extradled  comparatively  quickly,  and  in  a 
very  fine  state,  requiring  praftical  experience  more  than 
theoretical  knowledge. 

c.  The  consumption  of  all  materials,  chiefly  of  mercury, 
increases  in  proportion  as  more  silver  is  contained  in  the 
ore,  and  is  small  if  the  ores  are  poor  in  silver.  Ores  con^ 
taining  no  more  than  0*04  to  0*05  lb.  of  silver  per  cwt. 
(2  ounces  per  cafga*)  may  be  profitably  treated  by  thiamethod 
if  they  are  otherwise  fit  for  amalgamation. 

On  the  other  hand,  this  system  has  the  following  dis- 
advantages compared  with  the  amalgamation  in  casks  : — 

a.  The  yield  of  silver  is  more  imperfedl  if  the  amount  of 

•  •  I  carga  =  300  lbs.  avoirdupois. 
VOL.   !.  z 
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silver  in  the  ore  reaches  a  certain  limit,  which  is  chiefly 
determined  by  the  price  of  the  materials  and  value  of  labour. 
In  Mexico,  ores  containing  more  than  ^  per  cent  of  silver 
are  mostly  smelted  with  lead,  and  poorer  ores  are  also  treated 
by  that  process  if  they  contain  a  larger  amount  of  lead  and 
copper. 

b.  The  loss  of  mercuiy  amounts  to  22  or  24  ounces  per 
lb.  of  silver,  while  at  the  amalgamation  in  casks  the 
loss  is  only  from  4  to  12  ounces,  according  to  the  quality  of 
the  ores  and  the  manner  the  process  is  condudled.  The  lai^e 
loss  of  22  or  24  ounces  is  chiefly  caused  by  the  formation  of 
chloride  of  mercuiy ;  its  reduAion  alone  causes  a  loss  of  15 
ounces. 

c.  Ores  containing  a  larger  amount  of  sulphides  (iron  and 
copper  pyrites,  or  zinc  blende)  and  little  silver,  cannot  be 
profitably  treated  in  patios,  yielding  only  half  6t  the  silver 
present  in  the  ores,  and  causing  great  loss  of  mercury ;  as 
the  chloride  of  silver,  as  soon  as  formed,  probably  becomes 
transformed  into  sulphide  of  silver.  A  small  amount  of  gold, 
which  cannot  well  be  extracted  by  either  system,  may  be 
partly  gained  by  adding  some  water  and  mercury  at  the  grind- 
ing of  the  ores. 

The  finely  ground  ores  are  intimately  mixed  in  heaps  with 
salt,  sulphate  of  copper  {fnagistral),  and  mercury,  and  on  the 
patio  they  are  exposed  for  a  longer  time  to  atmospheric  in- 
fluence. 

Mr.  J.  C.  Bowring,*  who  has  had  many  years  experience  in 
the  reduction  of  the  ores  of  silver,  both  in  Peru  and  Mexico, 
and  has  devoted  much  time  and  attention  to  an  examination 
of  the  subjedl,  disputes  the  received  theory  of  the  amalga- 
mation process. 

In  reference  to  this  subjeA  he  remarks : — 

"  The  theory  of  the  chemical  decomposition  which  takes 
place  in  the  Mexican  amalgamation  process  has  hitherto  been 
supposed  to  be  that  the  bichloride  of  copper  which  is  formed 
by  the  contaA  of  magistral  and  common  salt,  abandons  its 
chlorine  to  the  silver,  the  sulphur  of  which  combines  with 

*  Urx*8  Di^onaiy  of  Arte,  ftc,  vol.  iii.,  p.  C64,  London :  1867. 
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the  copper,  and  the  chloride  of  silver  is  decomposed  by  the 
mercury  with  which  the  precious  metal  becomes  amalga- 
mated. The  following  considerations,  however,  go  to  dis- 
prove this  theory : — 

i«  Ores  containing  silver  combined  only  with  chlorine  are 
considered  by  Mexican  miners  as  those  most  difficult  of  re- 
dudlion,  and  the  loss  of  mercury  caused  by  them  is  at  least 
treble  that  experienced  in  those  which  contain  only  sulphides, 
and  the  process  is  much  more  tedious.  To  practical  men, 
also,  the  appearance  of  the  amalgams  proceeding  from  these 
different  combinations  of  silver  when  assays  are  taken  out  of 
the  large  ore  heaps  called  tartas,  is  a  convincing  proof  that 
the  theories  of  their  reduction  cannot  possibly  be  similar ; 
in  the  case  of  chloride  the  quicksilver  is  instantly  attacked, 
and  its  globules  are  very  difficult  to  re-unite  by  fridlion,  on 
account  of  their  being  covered  with  a  thin  coating  of  proto- 
chloride  (calomel),  whereas,  when  operating  upon  sulphides, 
the  mercury  is  always  bright  (except  at  the  very  beginning 
of  the  process),  and  does  not  separate  into  globules,  unless 
too  large  a  quantity  of  magistral  has  been  used,  when  the 
appearance  is  similar,  though  in  a  slighter  degree,  to  that 
when  chloride  of  silver  has  been  reduced. 

Various  plans  to  diminish,  or  even  entirely  to  do  away  with 
the  loss  of  mercury,  have  been  formed  on  the  hypothesis  that 
chloride  of  silver  is  formed,  and  that  great  advantages  are 
derived  from  boiling  ores  containing  this  native  combination, 
such  as  those  of  the  distridl  of  Cartorce,  in  copper  vessels, 
as  the  chloride  is  decomposed  by  the  contadl  with  the  copper 
before  the  mercury  is  added,  thus  rendering  the  loss  of  mer- 
cury scarcely  appreciable.  Many  of  the  plans  proposed  by 
European  chemists  have  been  successfully  tried  upon  this 
class  of  ores,  but  all  have  invariably  failed  when  attempting 
to  reduce  sulphides  of  silver  by  them. 

2.  Although  the  experience  of  M.  Bossingault  proves  that 
a  strong  solution  of  the  chloride  of  copper,  mixed  with' a  solu- 
tion of  salt  and  placed  in  contadl  with  sulphide  of  silver, 
will  after  some  time  form  chloride  of  silver  and  sulphide 
of  copper ;  still  this  is  pradtically  useless,  as  in  many  in* 
stances  a  solution  of  less  than  one  ounce  of  sulphate  of  copper 

z  2 


Digitized  by  VjOOQIC 


340  SILVER. 

is  required  in  70  pounds  of  water,  and  even  in  the  ores  most 
difficult  of  redudlion,  the  quantity  is  rarely  more  than  eight 
ozs.  Numerous  experiments  have  been  made  in  Mexico  to 
bring  this  principle  into  pracJtice,  but  after  leaving  the  ore 
exposed  for  two  months  to  the  aftion  of  a  mixed  solution  of 
chloride  of  copper  and  salt,  there  is  rarely  found  a  trace  even 
of  chloride  of  silver,  and  then,  on  adding  the  mercury,  the 
process  lasts  as  long  as  in  ordinary  cases,  when  it  is  put  in 
before  the  sulphate  of  copper.  The  constant  failure  of  these 
experiments  proves  that  the  theory  on  which  they  are  founded 
must  be  fallacious. 

Thus  the  presence  of  mercury  being  necessary,  not  merely 
as  a  means  of  coUefting  the  particles  of  silver  disseminated 
through  the  ore,  but  also  as  a  chemical  agent,  the  aftion  of 
chloride  of  cojjper  upon  it  must  be  considered.  By  this 
a(5tion,  which  is  instantaneous,  a  sub-chloride  of  both  metals  is 
formed,  and  by  absorbing  oxygen  from  the  atmosphere  the 
sub-chloride  of  copper  becomes  converted  into  an  oxychloride, 
which  by  giving  up  its  oxygen  to  the  sulphur  combined  with 
the  silver,  leaves  the  silver  in  a  metallic  state,  and  free  to 
amalgamate  with  the  mercury.  This  is  proved  by  boiling 
native  sulphide  of  silver  with  oxychloride  of  copper  in  a  solu- 
tion of  common  salt,  when  metallic  silver  will  be  obtained : 
or,  as  a  more  practical  experiment,  mix  some  rich  ore  with 
these  materials  and  mercury  at  the  ordinary  temperature  ; 
in  about  an  hour  the  whole  of  the  silver  will  have  become 
amalgamated,  when,  after  separating  all  the  soluble  salts  by 
filtration,  and  adding  chloride  of  barium,  sulphate  of  baryta 
will  be  precipitated,  equivalent  in  quantity  to  the  sulphur 
which  has  become  acidified,  thus  showing  that  the  sulphuric 
acid  can  only  have  been  formed  by  the  decomposition  of  the 
sulphide  of  silver,  and  could  not  have  been  present  if  this  meta^ 
had  combined  with  chlorine  according  to  the  old  theory. 

The  adlion  of  oxychloride  of  copper  in  the  reduftion  of 
silver  ores  appears  to  be  continuous,  and  thus  offers  some 
analogy  to  what  takes  place  in  the  manufacture  of  sulphuric 
acid.  By  giving  up  its  oxygen  to  the  sulphur  previously 
combined  with  the  silver,  the  oxychloride  of  copper  is  con- 
verted into  a  sub-chloride,  and  this  again  into  a  chloride  by 
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the  aftiori  of  the  chlorine  which  is  evolved  by  the  decompo- 
sition of  the  salt  when  attacked  by  the  sulphuric  acid  that 
has  been  formed.  This  chloride  again  is  decomposed  by 
the  mercury,  and  first  a  sub-  and  then  an  oxy-chloride  of 
copper  is  formed.  The  sulphur  of  the  silver  is  acidified, 
and  the  adlion  is  continued  in  the  same  manner  until  the 
whole  of  the  metal  is  amalgamated. 

The  imperfedtions  in  the  Mexican  amalgamation  process 
arise  chiefly  from  the  small  quantity  of  oxychloride  of  copper 
which  can  be  employed  ;  for  by  using  too  large  a  proportion 
of  sulphate  the  mercury  becomes  sensibly  attacked,  and 
unless  its  surface  is  perfedlly  clean  it  will  not  take  up  the 
particles  of  silver.  The  use  of  salt  in  the  tortas  has  always 
been  supposed  to  be  that  it  dissolves  the  chloride  of  silver 
formed  during  the  process,  but  its  real  objedt  appears  to  be 
first  to  assist  in  the  formation  of  the  oxychloride  of  copper, 
and  then  to  dissolve  iti  thus  rendering  it  more  capable  of 
afting  upon  the  sulphide  of  silver. 

Von  Uslar*  confirms  Bowring's  views,  and  denies  that 
chloride  of  silver  is  formed.  He  supposes  from  experiments 
that  by  the  reaftion  of  mercury  upon  chloride  of  copper, 
chloride  of  mercury  and  sub-chloride  of  copper  are  formed 
thus : — 

2CuCl  +  2Hg  =  CuaCl  +  Hg^Cl. 

He  further  assumes  that  the  sub-chloride  of  copper  absorbs 
oxygen  from  the  atmosphere,  forming  oxychloride — 

CuaCl  +  O  =  CuCl,  CuO ; 
and  that  the  oxychloride  separates  silver  in  a  metallic  state 
from  the  sulphide  of  silver — 

3(CuCl,  CuO)  +  AgS  =  3Cu,Cl  +  SO3  +  Ag; 
the  silver  then  combines  with  the  mercury. 

Griit^nert  entertains  similar  views.  He  supposes  that 
chloride  of  copper  in  contacft  with  mercury  forms  sub-chloride 
of  copper  and  mercury — 

4CUCI  +  4Hg  =  2CUaCl  +  2Hg,Cl, 

*  Bgwksfd.,  i860,  Bd.  I,  Hft.  z.  Berggeist,  i86ii  No.  49.  B.  u.  h.  Ztg., 
i86j,  p.  406;  1862,  p.  309  ;  1863,  p.  5. 
t  B.  u.  h.  Ztg.,  1863,  p.  108. 
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and  that  in  contaA  with  atmospheric  air  the  sub-chloride 
becomes  transformed  into  oxychloride — 

2Cu,Cl  +20  =  2CuO  +  2CuCl; 

but  if  an  excess  of  mercuiy  is  present  during  the  transforma- 
tion, sub-oxide  of  copper  will  be  formed  instead  of  oxide  of 
copper — 

2Hg  +  2CuO  =  CuaO  +  Hg,0. 

The  sub-oxides  of  copper  and  mercuiy  then  readl  upon  sul- 
phide of  silver  as  follows : — 

2AgS  +  CuaO  +  HgaO  =  CUaS  +  SO,  +  2AgHg. 

The  originally  formed  sub-chloride  of  mercuiy  rea<Sts  upon 
the  sulphide  of  copper,  thus  : — 

HgaCl  +  CuaS  =  CuCl  +  CuS  +  2Hg. 

Malaguti  and  Durocher*  also  suppose  that  metallic  silver 
is  formed  in  the  heaps. 

Napier  t  tries  to  prove  that  chloride  of  silver  can  be 
formed  in  the  experiments  made  by  Bowring  and  v.  Uslar, 
and  that  this  chloride  of  silver  can  be  again  transformed 
into  sulphide  of  silver  by  foreign  sulphides,  chiefly  of  lead, 
iron,  and  zinc,  if  present. 

Gurlt  I  and  Markus  ||  have  proved  experimentally  that  sul- 
phide of  silver  may  be  transformed  into  chloride  of  silver  by 
chloride  of  copper  in  the  wet  way. 

Nolte§  supposes  that  mercury  and  sulphide  of  silver  are 
transformed  diredtly  Into  silver  and  sulphide  of  mercury ; 
this  being  facilitated  by  a  galvanic  action  between  the  ore, 
mercuiy,  and  the  liquid. 

The  Process  of  Amalgamation  in  Heaps  is  carried  on 
as  follows  in  MexicolT  and  Bolivia**  : — 

*  Malaquti  and  Durocher  fiber  des  Vorkommen  und  Gewinnen  von 
Silber,  Deutch  von  Hartmann,  1851,  p.  1x9. 

f  B.  u.  h.  Ztg.,  X862,  p.  3Z0. 

X  Ibid.,  1851,  p.  692.    Kbrl,  Unterharxer  Httttenprocetse,  1861,  p.  Z03. 

II  Oetterr.  Ztschr.,  1854,  p.  131. 

§  B.  u.  h.  Ztg.,  X863,  p.  83. 

IT  Dr.  Urk'8  Diaionary  of  Arts,  &c.,  1867,  vol.  iii.,  p.  663.  B.  u.  h.  Ztg., 
z8<^6,  p.  ^4 ;  z863,  p.  266 ;  1863,  pp.  2,  108.  Bullet,  de  la  So€.  de  Tlndustr. 
Min^r,  ii.,  3x0.    Dinolbr's  Polyt.  Journ.,  Bd.  X15,  p.  289. 

••  B.  u.  h.  Ztg.,  X858,  p.  290  ;  1859,  p.  6. 
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The  ore  being  brought  by  the  grinding  mills  to  a  finely- 
divided  state,  is  allowed  to  run  out  of  the  arrastre  into  shallow 
tanks  or  reservoirs,  where  it  remains  exposed  to  the  sun 
until  the  greater  part  of  the  water  has  evaporated,  when 
it  assumes  the  appearance  of  thick  mud  ;  and  in  this 
state  the  process  is  proceeded  with.  Sometimes  it  is  dried, 
and,  for  its  further  disintegration,  gently  heated  in  a  rever- 
beratoiy  furnace  for  about  12  hours. 

The  lama,  as  it  is  called,  or  slime,  is  now  laid  out  on  the 
patio,  or  amalgamation  floor,  in  smaller  or  larger  masses, 
according  to  whether  it  is  to  be  trodden  by  men  or  mules. 
Mules  are  generally  used,  and  the  large  masses  called  tortas 
are  40  or  50  feet  in  diameter,  and  about  a  foot  thick,  fre- 
quently consisting  of  60  or  70  tons  of  ore,  and  the  floors  are 
so  extensive  that  a  large  number  of  these  tortas  are  in  pro- 
gress at  the  same  time.  Thus,  at  the  Hacienda  de  Regla, 
the  patio,  which  is  boarded  and  carefully  caulked  to  render 
it  water-tight,  is  capable  of  containing  ten  of  these  tortas, 
each  of  about  60  tons,  and  50  feet  in  diameter.  The  Hacienda 
de  Barrera,  in  Guanaxuato,  will  hold  18  tortas  of  from  70  to 
75  tons  each ;  the  Hacienda  Sauceda  at  Zacatecas  will  con- 
tain 24  tortas  of  60  tons  each ;  and  the  patio  floor  of  the 
Hacienda  Nueva,  at  Fresnillo,  is  still  larger,  being  630  feet 
long,  630  feet  wide,  and  capable  of  containing  64  tortas  of 
70  tons  each. 

The  lama  must  be  of  a  pasty  consistence,  but  not  so 
liquid  as  to  flow.  Then  salt  is  introduced  as  the  first  ingre- 
dient in  the  proportion  of  ii|^  to  5  per  cent,  according  to  the 
amount  of  silver  contained  in  the  ore.  The  salt  is  spread 
over  the  heap,  and  a  number  of  mules  are  made  to  tread  it, 
so  that  it  may  be  taken  up  by  the  water,  and  intimately 
blended  with  the  mass.  After  this  treatment  it  remains  un- 
touched for  about  a  day,  when  another  ingredient  is  intro- 
duced, called  in  Mexico  magistraL  This  is  common  copper 
pyrites,  or  sulphide  of  iron  and  copper,  pulverised  and  cal- 
cined with  an  addition  of  salt,  which  converts  it  into  sul- 
phate. When  of  a  good  quality  it  should  contain  about  20 
per  cent  of  the  sulphates  of  the  two  metals.  From  i  to  2 
per  cent  of  this  magistral  is  added  in  the  torta,  and  the  mules 
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are  again  made  to  tread  the  mass  for  several  hours.  Chemical 
a(5lion  now  commences;  the  salt,  magistral,  and  metallic 
sulphides  are  decomposed,  and  new  combinations  are  formed. 
Mercury  is  then  introduced,  being  evenly  spread  over  the 
torta  in  very  small  particles ;  this  is  effe<5ted  by  passing  it 
through  a  leather  or  canvas  bag ;  the  quantity  required  is 
about  6  times  the  estimated  weight  of  the  silver  contained 
in  the  ore. 

The  mercury  being  spread  over  the  surface,  the  mules  are 
once  more  made  to  tread  the  whole  until  it  is  well  mixeda. 
This  treading  is  called  the  repaso,  and  is  repeated  every  other 
day  about  lo  or  12  times,  until,  according  to  the  judgment 
of  the  azogi4ero,  or  superintendent,  the  operation  is  completed. 

It  is  in  the  progress  of  this  operation  that  the  skill  of  the 
azoguero  is  most  required,  as  he  must  attend  to  certain 
signs  or  appearances  upon  which  the  success  of  his  work 
depends,  both  as  regards  the  produce  of  silver  or  the  economy 
of  mercury,  other  materials,  and  time.  For  this  purpose 
he  has  a  small  quantity  of  the  torta  put  on  one  side,  upon 
which  he  operates  before  adding  materials  to  the  torta  itself; 
this  is  called  the  guia,  or  guide.  In  order  to  ascertain  how 
the  chemical  action  in  the  torta  proceeds,  he  colle<5ts  a  small 
quantity  of  the  slime,  and  washes  it  in  a  small  bowl,  and  by 
the  appearance  presented  by  the  mercury  and  amalgam 
he  is  able  to  judge,  from  his  praftical  knowledge  of  this 
subje<5t,  as  to  the  state  of  the  torta,  whether  it  requires 
more  magistral  or  mercury,  or  whether  it  has  had  too 
much  magistral,  in  which  case  it  is  called  hot,  and  a  little 
lime  or  ash  must  be  put  in  to  decompose  the  excess  of  chloride 
pf  copper.  In  both  cases  little  amalgam  is  formed,  as  the 
abundantly  produced  sub-chloride  of  mercury  coats  the  finest 
particles  of  mercury,  and  prevents  its  conta<5t  with  the  silver. 

This  simple  plan  is  termed  the  tentadura,  and.  by  it  the 
azoguero  is  guided  throughout  the  process. 

When  he  finds  at  length  that  quicksilver  is  no  longer  ab- 
sorbed, the  operation  is  considered  complete,  and  the  torta 
is  ready  to  be  washed,  and  sometimes  lime  is  added  to  stop 
further  a<5tion.  A  larger  quantity  of  mercury  is  then  thrown 
in  (called  el  bafw,  or  the  bath),  which  combines  with  the  amal- 


Digitized  by  VjOOQIC 


AMALGAMATION    IN   HEAPS.  345 

gam,  and  causes  it  to  separate  more  readily  from  the  slime 
in  the  washing.  The  time  required  to  complete  the  process 
varies  from  lo  to  30  days,  but  in  some  places  is  often  con- 
siderably more,  according  to  the  climate  and  the  nature  of 
the  ore. 

The  amalgam  has  now  to  be  separated  from  the  mass  ; 
this  is  effe<5ted  at  Real  del  Monte  by  washing  it  in  a  large 
square  vat,  where  several  men  stir  it  constantly  with  their 
feet,  and  at  the  same  time  a  stream  of  water  is  made  to  pass 
through.  By  this  means  the  lighter  particles  of  the  mud 
flow  out  into  channels  furnished  with  basins  called  apuroSf  to 
catch  all  stray  amalgam  and  mercury,  whilst  the  great  body 
of  the  amalgam  remains  at  the  bottom  of  the  vat. 

In  Guanaxuato,  the  process  of  washing  is  more  perfe<5t ; 
here  three  circular  vats  called  Unas  are  used;  the  ore  is 
stirred  in  them  by  means  of  long  wooden  teeth  fixed  in  cross 
bars  attached  to  a  vertical  shaft,  the  whole  turned  by  a  simple 
machine,  worked  by  mules.  The  slime  has  to  pass  through 
the  third  vat  before  being  carried  entirely  away,  so  that  a  very 
small  portion  of  the  amalgam  escapes.  The  process  of  wash- 
ing is  somewhat  similar  in  Zacatecas,  but  only  one  vat  is  used. 

After  being  removed  from  the  vats,  the  liquid  amalgam  is 
strained  through  the  strong  canvas  bottom  of  a  leathern  1)ag, 
through  which  the  mercury  percolates,. leaving  behind  a 
pasty  argentiferous  mixture  of  about  i  part  of  silver,  and  6  of 
mercury.  This  is  moulded  into  wedge-shaped  masses  of 
30  lbs.  each,  and  is  now  ready  for  distillation,  which  is  done 
either  in  a  bell  apparatus  (page  328),  or  mcrre  commonly  in 
the  following  manner : — 

The  triangular  bricks  of  amalgam  are  piled  one  on  the 
other  upon  an  iron  grate  standing  over  a  reservoir  of  water, 
which  is  intended  for  the  condensation  of  the  fumes  of  the 
metal.  The  pile  of  amalgam  is  then  covered  with  an  iron 
bell,  the  edges  of  which  are  luted  down,  so  as  to  her- 
metically enclose  the  contents.  Around  the  iron  bell  a 
wall  of  loose  atones  is  construAed,  and  in  the  circular 
enclosure  formed  by  this  means,  a  strong  charcoal  fire  is 
made  and  continued  for  8,  10,  or  even  24  hours,  according 
to  the  amount  of  amalgam  treated,  and  the  size  of  the 
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apparatus  employed.  The  apparatus  is  then  allowed  to  cool, 
and  the  mercury  is  found  separated  and  condensed  in  the 
interior  reservoir,  while  the  silver,  in  a  spongy  form 
and  almost  pure,  is  removed  and  fused  upon  a  hearth  of 
bone  ashy  and  cast  into  ingots.  The  loss  of  silver  by  this 
process  may  amount  to  30  per  cent  and  more. 

Bowring*  adds  sub-chloride  of  copper  as  well  as  copper, 
iron,  and  zinc  amalgam,  in  order  to  facilitate  the  amalgama- 
tion and  obtain  a  better  yield  of  silver. 

Smith's!  method  of  treating  ores  containing  much  gold,  and 
less  silver,  by  grinding  them  in  warm  cast-iron  pans,  with 
an  addition  of  substances  (sulphuric  acid,  caustic  potash, 
&c.)  which  are  able  to  decompose  the  ore,  facilitates  the 
extraction  of  the  metals. 

In  South  America,  the  so-called  hot  amalgamation  {methode 
des  cazo)  is  used  for  the  treatment  of  rich  ores  containing 
silver  in  a  native  state,  or  in  the  form  of  bromide,  chloride, 
and  iodide. 

The  ores  are  first  finely  ground,  and  then  thrown,  with  a 
quantity  of  water,  into  pans  with  copper  bottoms,  under 
which  a  fire  is  made.  From  10  to  15  per  cent  of  common 
salt  is  added,  and  the  contents  of  the  pan  brought  to  a  boil- 
ing temperature.  When  the  salt  is  dissolved,  a  quantity  of 
mercury  is  added,  which  combines  diredlly  with  the  native 
silver,  while  the  haloid  salts  are  decomposed  by  copper, 
which,  in  presence  of  the  solution  of  common  salt,  forms 
sub-chloride  of  copper  and  metallic  silver.  The  latter  then 
combines  with  the  mercury.  Sulphide,  antimonide,  and 
arsenide  of  silver,  are  only  slightly  decomposed. 

The  results  of  the  manipulations  in  the  pans  are  an  earthy 
residue,  and  the  compound  of  mercury  and  silver.  The 
residue  often  contains  enough  silver  to  render  it  advisable 
for  it  to  be  added  to  the  amalgamation  in  heaps. 

This  process  occupies  a  shorter  time  than  the  cold  amal- 
gamation (about  5  or  6  hours),  causes  less  loss  of  mercury, 
but  it  requires  fuel  and  expensive  apparatus. 


*  Bergwerkslreund,  i860,  x  Lief,    tferggcist,  x86i,  No.  49.     B.  u.  h.  Ztg., 
1862,  pp.  83,  133  ;  i860,  p.  7. 


1856,  p.  49» 
f  Ibid.,  I 
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2.  Mr.  Crookes's  Process  of  ExtraAion  by  means  of 
Sodium  Amalgam. 

Mr.  William  Crookes^  F.R.S.,  has  patented  the  use  of 
sodium  amalgam  in  the  metallurgical  treatment  of  gold  and 
silver.  The  following  are  his  observations  on  his  new  process 
of  extracting  the  precious  metals  by  means  of  sodium  amalgam. 

The  extradlion  of  gold  and  silver  by  amalgamation  has  been 
hitherto  attended  with  serious  difficulties,  owing  to  the  pre- 
sence in  the  ore  of  sulphides,  arsenic,  antimony,  bismuth, 
or  tellurium  compounds,  which  coat  the  gold  and  silver 
with  a  film  of  tarnish,  so  that  the  mercury  cannot  touch  it. 
Again,  with  many  minerals,  the  mercury  is  "  sickened,"  its 
fluidity  is  destroyed,  and  it  becomes  either  a  tenacious 
mass,  or  assumes  a  powdery  charadter.  In  each  case  its 
amalgamating  adlion  is  almost  destroyed ;  the  result  being 
that  from  30  to  80  per  cent,  or  even  more,  of  the  gold,  and  a 
great  amount  of  silver  escape  the  action  of  the  mercury, 
being  lost  in  the  tailings,  whilst  large  quantities  of  the 
mercury  are  also  carried  off  in  the  washings. 

The  following  figures,  extra<5ted  from  official  documents, 
show  the  percentage  of  gold  constantly  being  lost  at  some 
of  the  most  important  gold  mines  in  different  parts  of  the 
world. 

At  the  St.  John  del  Rey  Mine  the  loss  of  Gold  is  30  per  cent. 

In  the  Brazils  generally     . .         . .  30  to  35        „ 

In  Piedmont  . .         . .         35        „ 

AtZell  35  to  40        „ 

In  Hungary  and  the  Tyrol 50       „ 

In  Chili  66        „ 

In  many  cases,  the  waste  of  mercury  is  even  more  serious 
than  that  of  gold. 

The  causes  of  loss  in  silver  amalgamation  are — i,  the 
"flouring"  or  powdering  of  the  mercury  owing  to  the 
mechanical  treatment  it  undergoes ;  2,  the  "  sickening  "  of 
the  mercury,  owing  to  the  presence  in  the  ore  of  certain 
deleterious  minerals ;  and,  3,  the  chemical  change  of  the 
mercury  into  corrosive  sublimate  and  calomel,  which  takes 
place  in  the  adl  of  reducing  the  chloride  of  silver  to  the 
metallic  state. 
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The  employment  of  the  patent  amalgam  in  conjundlion 
with  the  mercury  will  be  found  a  remedy  for  each  of  these 
evils.  By  dissolving  in  the  mercury  some  of  the  amalgam 
B,  in  the  proportion  of  two  parts  of  amalgam  for  one  part  of 
silver  present  in  the  ore,  all  these  evils  are  prevented.  The 
chlorine  goes  to  the  other  metals  present,  instead  of  to  the 
mercury,  and  the  decomposition  takes  place  so  rapidly,  that 
an  operation  which  formerly  lasted  a  week  is  sometimes 
finished  in  twelve  hours. 

When  the  mercury  is  brought  to  the  state  of  black  or 
grey  powder,  and  difficulty  is  experienced  in  bringing  this 
powder  into  the  bright  metallic  state,  a  little  of  the  amal- 
gam A  rubbed  with  it  under  water  will  quickly  render  it 
liquid  and  bright. 

The  new  process  possesses  the  following  important  ad- 
vantages : — By  the  judicious  admixture  of  a  certain  propor- 
tion of  sodium,  &c.,  with  the  mercury,  its  amalgamating 
powers,  under  all  circumstances,  are  preserved  and  intensi- 
fied. It  will  extraft  gold  and  silver  from  sulphides  and 
minerals  which  have  hitherto  resisted  the  ordinary  process;  it 
will  seize  upon  gold  so  tarnished  that  it  would  otherwise  pass 
untouched  through  common  mercury  and  be  lost  in  the  tail- 
ings; it  will  absolutely  prevent  the  sickening  and  flouring  of  the 
mercury,  conditions  which  hinder  the  extradlion  of  the  gold 
and  silver;  and,  finally,  the  yield  of  precious  metal  is  greatly 
augmented,  and  an  immense  saving  of  mercury  is  effedled. 

When  some  or  all  of  the  above-mentioned  minerals  are 
present  with  the  gold  and  silver  (and  especially  if  the 
gold  occurs  with  pyrites),  the  mercury  in  which  the  ore  is 
triturated  becomes  floured^  granulated,  or  powdered,  i.e., 
it  becomes  subdivided  into  excessively  minute  globules, 
which,  owing  to  the  film  of  tarnish  they  have  contradled, 
refuse  to  reunite,  and  are  consequently  washed  away,  it 
being  almost  impossible  to  effe(5t  their  separation  from  the 
heavier  portions  of  ore. 

The  presence  of  some  of  these  minerals  affedts  the  mer- 
cury in  another  way,  vi^.,  by  sickening  it.  Sick  mercury  is 
that  which  has  lost  its  fluidity,  and  will  not  flow  with  a 
bright  surface,  nor  touch  gold  or  silver  except  with  great 
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difficulty.  The  ill  effe<as  of  sickening  are  not  so  great  as 
those  of  flouring,  as  sick  mercury  can  generally  be  re- 
stored by  distillation,  when  not  much  is  lost ;  the  chief 
objedtion  being  that  it  will  not  take  up  gold  and  silver; 
but  floured  mercury  is  not  only  entirely  lost,  but  it  carries 
away  with  it  all  the  precious  metal  already  taken  up. 

Another  very  serious  loss  is  the  following : — Even  when 
the  mercury  preserves  its  bright  metallic  condition,  and  is 
in  the  most  aftive  state  ever  met  with  in  commerce,  it  will 
seldom  take  up  more  than  half  or  two-thirds  of  the  gold  or 
silver  present,  owing  to  the  precious  metal  being  naturally 
tarnished  .on  its  surface,  and  resisting  the  adlion  of  the  mer* 
cury  except  when  they  are  ground  together  for  a  longer  time 
than  is  usually  pra<5ticable. 

All  these  sources  of  loss  are  avoided  by  dissolving  a  little 
of  the  sodium  amalgam  A,  B,  or  C,  in  the  mercury  before  it 
is  introduced  into  the  amalgamating  vessels. 

Amalgam  A  is  a  simple  mixture  of  sodium  and  mer- 
cury ;  a  convenient  strength  is  3  parts  of  sodium  and  97 
parts  of  mercury.  The  preparation  of  this  amalgam  is  as 
follows : — Place  a  strong  iron  flask  with  a  narrow  neck  nearly 
up  to  the  mouth  in  sand  on  a  sand-bath,  kept  at  a  tempera- 
ture of  about  300"*  F.  Weigh  out  the  mercury  and  sodium ; 
put  the  former  into  the  flask,  and  then  add  the  sodium  in 
pieces  as  large  as  a  pea  at  a  time,  waiting  for  the  adtion  to 
cease  before  adding  a  fresh  lump.  The  sodium  had  better 
be  dropped  in  with  a  pair  of  tongs,  and  the  hand  should 
have  a  cloth  over  it.  At  each  addition  of  the  sodium  a 
slight  explosion  will  be  heard,  and  a  bright  flame  will  issue 
from  the  mouth  of  the  flask.  The  adlion  gets  less  violent 
as  the  mercury  becomes  richer  in  sodium.  When  the  whole 
of  the  sodium  has  been  added,  pour  the  amalgam  into  a  flat 
dish  whilst  still  liquid,  and  when  cold  break  it  up  and 
preserve  in  a  stoppered  jar.  It  will  not  require  to  be  kept 
under  naphtha.  The  amalgam  forms  a  mass  of  long,  needle- 
shaped,  brilliantly-metallic  crystals,  which  interlace  in  every 
direction,  but  have  very  little  cohesion. 
,  Amalgam  B. — Weigh  out  77  parts  of  mercury,  3  parts  of 
podium,  and  20  parts  of  zinc ;  unite  half  the  mercury  with 
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the  sodium,  taking  the  customary  precautions.  Then  melt 
the  2inc,  remove  the  crucible  from  the  fire,  and  just  before 
the  metal  is  going  to  solidify,  pour  in  the  remainder  of  the 
mercury  with  constant  stirring;  then  add  the  mixture  of 
the  sodium  with  the  first  half  of  the  mercury,  and  heat  the 
whole  together  till  both  amalgams  are  melted ;  stir  with  an 
iron  rod,  and  cast  the  mixture  into  any  desirable  form  in 
an  ingot  mould.* 

Amalgam  C. — ^Weigh  out  77  parts  of  mercury,  3  parts  of 
sodium,  10  parts  of  zinc,  and  10  parts  of  tin  ;  proceed  exactly 
as  in  making  amalgam  B,  only  adding  the  tin  to  the  zinc  in 
the  first  instance. 

Metallic  sodium  and  all  amalgams  containing  it  must  be 
carefully  preserved  from  damp  in  well-closed  vessels. 

The  best  proportion  of  amalgam  to  the  mercury  must  be 
found  out  by  experiment,  as  nearly  every  kind  of  ore  will 
require  a  difiierent  treatment,  but  considerable  latitude  is 
permitted,  and  the  addition  of  a  little  too  much  does  not 
appear  to  do  harm.  It  is  recommended  that  one  part  by 
weight  of  amalgam  B  or  amalgam  C  be  dissolved  in  30  parts 
of  the  mercury  which  is  to  be  used  in  the  amalgamating 
vessels  or  triturating  or  grinding  machines,  and  the  effe<5t 
which  it  produces  on  the  mercury  noted  from  time  to  time 
during  the  operation.  If  the  mercury  retain  its  fluidity  and 
brightness  to  the  end  of  the  operation,  it  is  a  sign  that  either 
sufficient  or  too  much  has  been  added,  and  a  second  experi- 
ment should  be  tried  with  the  addition  of  a  diminished  quan- 
tity of  amalgam.  But  if  it  be  floured,  or  sick,  or  any  be 
be  lost,  more  amalgam  may  be  added,  until  the  best  propor- 
tion is  arrived  at. 

Amalgam  B  will  generally  be  found  effedlive,  but  if  the 
ore  contain  an  excess  of  any  mineral  which  has  a  deleterious 
action  on  the  mercury,  more  especially  if  this  mineral  con- 
tain bismuth,  it  will  be  advantageous  to  employ  amalgam 
C  instead  of  amalgam  B. 

When  the  best  proportion  of  amalgam  B  or  amalgam  C  is 
ascertained,  small  quantities  of  amalgam  A  should  be  intro- 
duced into  the  mercury  already  containing  amalgam  B  or  C, 
in  the  proportion  of  i  part  of  amalgam  A  to  1,000  of  mercuiy. 


Digitized  by  VjOOQIC 


THE  SODIUM  AMALGAMATION   PROCESS.  35I 

This  quantity  of  amalgam  A  can  be  added  every  3, 6,  12, 18, 
or  24  hours,  according  to  circumstances ;  but  one  charge  of 
amalgam  B  or  amalgam  C  will  usually  be  sufficient  for  the 
mercury  for  several  days,  or  a  week.  Under  some  cir- 
cumstances, it  will  be  found  advisable  to  add  amalgam  B  or 
amalgam  C  every  few  days.  A  little  experience  and  com- 
parison with  the  results  obtained  by  the  old  plan  will  soon 
show  how  these  several  agents  are  best  utilised.* 

Amalgams  B  and  C  are  chiefly  of  use  in  preventing  the 
mercury  sickening  or  flouring,  whilst  amalgam  A  is  most 
powerful  in  increasing  the  affinity  of  mercury  for  the  pre- 
cious metals,  and  in  bringing  back  floured  mercury  to  the 
bright  liquid  state. 

In  many  mining  establishments,  it  is  found  advantageous 
to  employ  amalgamated  surfaces  of  copper,  over  which  the 
crushed  ore,  tailings,  and  slimes,  or  such  materials  are 
allowed  to  flow ;  or  to  introduce  amalgamated  copper  plates 
into  the  triturating  and  grinding  machines.  By  this  means 
some  of  the  precious  metal  and  floured  mercury,  which 
otherwise  would  have  been  lost  in  the  tailings,  is  colledled 
on  the  copper,  and  may  be  scraped  off  from  time  to  time. 
The  adoption  of  this  praftice  will  be  found  of  great  use  in 
all  gold  and  silver  amalgamating  works,  in  which  the  exten- 
sive adoption  of  amalgamated  metallic  surfaces  is  recom- 
mended for  the  riffle  boxes,  launders,  shaking  and  percussion 
tables,  floors,  or  other  parts,  along  or  over  which  the  crushed 
ores,  tailings,  slimes,  or  such  material  flow. 

By  employing  amalgam  A  in  coarse  powder  and  sprink- 
ling it  over  the  wetted  metallic  surface  to  be  amalgamated, 
and  then  rubbing  it  over  with  a  little  clean  mercury,  a 
firmly  adherent  and  brilliant  coating  of  mercury  will  be 
given  to  the  metal.  Not  only  can  copper  be  amalgamated 
in  this  way,  but  the  same  result  is  produced  on  galvanized 
iron  (iron  coated  with  a  thin  layer  of  zinc),  on  tin  plate 
(iron  coated  with  a  thin  layer  of  tin),  on  lead,  and  less 

*  The  retail  price  of  sodium  being  about  6«.  per  lb.  at  the  present  time  in 
London,  and  the  addition  of  less  than  0*1  per  cent  being  sufficient  to  put  the 
mercury  into  a  highly  adive  state,  it  will  be  seen  that  the  expense  of  the 
process  is  very  trifling. 


Digitized  by  VjOOQ IC 


352  SILVER, 

perfe<5tly  on  iron  and  steel.  In  all  cases  it  is  advisable  M 
preserve  the  effedtive  surface  and  the  amalgamating  enez^gy 
of  the  mercury  on  the  metal  plates  by  an  occasional  sprink- 
ling of  powdered  amalgam  A,  applied  from  time  to  time  as 
required. 

Illustrations  of  the  Sodium  Amalgamation  Process. 

The  following  experiments  show  the  special  action  of 
amalgams  A,  B,  and  C  upon  floured  and  sick  mercury,  and 
upon  gold  and  silver  ores : — 

1.  Take  a  piece  of  dry  chloride  of  silver  and  put  it  in  a 
watch  glass  or  small  dish.  Cover  it  with  water,  and  put  a 
globule  of  mercury  of  about  its  own  bulk  in  contadl  with  it. 
The  two  may  be  rubbed  together  for  hours  without  any  ap- 
parent change  taking  place ;  but  if  a  piece  of  either  of  the 
amalgams  A,  B,  or  C,  be  dropped  into  the  mercury,  the 
latter  will  seize  hold  at  once  upon  the  chloride  of  silver  and 
in  a  few  minutes  will  appear  to  have  eaten  its  way  through, 
reducing  it  to  the  metallic  state,  and  at  the  same  time  amal- 
gamating with  the  silver, 

2.  Take  about  five  grains  of  pure  mercury  and  put  it  into  a 
small  dish  or  a  watch  glass.  Pour  over  it  a  few  drops  of 
solution  of  perchloride  or  persulphate  of  iron.  This  will 
sicken  the  mercury  at  once,  especially  if  it  be  moved  about 
with  the  finger.  When  thoroughly  sick,  drop  into  it  a 
piece  of  amalgam  A,  B,  or  C,  about  one-hundredth  part  of 
the  size  of  the  mercury.  Instantly,  as  if  by  magic,  the 
sick  mercury  recovers,  and  assumes  its  globular  form. 

3.  Sicken  another  globule  of  mercury  in  the  same  manner. 
Pour  on  to  it  the  recovered  mercury  from  the  former  experi- 
ment (No.  2),  and  it  will  be  seen  to  cure  the  second  portion 
also. 

4.  Thoroughly  flour  or  powder  a  dozen  grains  of  mercury 
by  violently. shaking  them  in  a  bottle  with  weak  gum-water 
and  a  few  drops  of  perchloride  of  iron.  Pour  off  the  liquid 
and  wash  once  or  twice.  Now  transfer  the  powdered  mer- 
cury to  a  dish,  put  into  it  a  few  grains  of  amalgam  A,  and 
gently  rub  them  together  under  water.  In  a  few  minutes 
the  whole  of  the  mercury  will  be  reduced  to  the  bright 
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metallic  state.  Mercury  floured  and  sickened  with  grease  may 
be  brought  back  to  the  a<5tive  state  with  the  same  readiness. 

5.  Take  two  portions  of  pure  mercury  (about  100  grains 
each).  Pour  water  over  them,  and  put  ten  grains  of  amal- 
gam A  into  one  of  them.  Now  take  a  piece  of  silver  or  gold 
ore,  containing  visible  silver  or  gold  in  it,  and  dip  it  into 
the  common  mercury ;  scarcely  any  adlion  will  take  place, 
or  perhaps  none.  Then  dip  the  same  piece  into  the  amalga- 
mated mercury,  and  it  will  instantly  unite  with  the  gold  or 
silver.  A  gold  or  silver  coin  dipped  into  common  mercury 
will  seldom  be  adled  upon  except  in  a  few  spots,  but  when 
dipped  into  the  amalgamated  mercury  it  is  instantly  wetted 
by  the  metal  over  its  whole  surface.  The  same  experiment 
may  be  performed  with  a  piece  of  gilt  paper. 

6.  Take  some  iron  pyrites  and  mix  with  it  any  of  the  ores 
which  are  most  antagonistic  to  amalgamation  by  the  ordinary 
process,  such  as  arsenic  or  tellurium  ore.  Grind  up  loo  grains 
of  this  mixture  with  five  grains  of  pure  mercury  and  a  very 
little  water  for  about  two  minutes,  then  wash  away  the 
pyrites  and  examine  the  state  of  the  mercury  which  is  left 
behind.  Nearly  all  will  be  washed  away,  and  what  is  left 
will  be  in  the  form  of  a  dull-looking  powder  or  flour. 

7.  Repeat  the  same  experiment,  after  having  added  to 
the  mercury  a  small  piece  of  amalgam  C.  The  mercury  will 
be  kept  in  the  bright  globular  condition  during  the  whole  of 
the  experiment,  and,  upon  washing  away  the  pyrites,  the 
metal  will  be  left  behind  in  one  globule  without  loss. 

If  the  pyrites  or  other  mineral  contain  gold  or  silver  the 
amalgamated  mercury  will  be  found  upon  examination  to 
have  absorbed  it  all,  whilst  the  common  mercury  will  have 
taken  up  scarcely  any. 

The  following  extradls  from  reports  on  Mr.  Crookes's  pro- 
cess prove  its  advantage  over  the  older  amalgamation  pro- 
cesses ;  and  we  may  also  state  here  that  this  process  has 
already  come  into  extensive  use*  : — 

*  Messrs.  Johnson,  Matthey,  and  Co.,  Hatton  Garden,  London,  have 
arranged  with  the  patentee  to  supply  the  amalgams  A,  B,  C,  in  barrels  of  2  to 
5  cwts.  each,  or  smaller  quantities  in  tins  or  jars.  They  also  prepare  a  con- 
centrated amalgam  A  five  times  the  strength  of  the  above,  in  solid  bars  for 
shipment  when  the  expense  of  freight  or  land  carriage  is  great.    This  is 
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Dr.  A.  W.  Hofmann,  F.R.S,,  in  Berlin,  late  Professor  in 
the  Royal  College  of  Chemistry,  London,  says  that  Mr. 
Crookes's  process  is  an  improved  one  for  extra<5ting  gold  and 
other  metals  from  their  ores  by  means  of  sodium  amalgam, 
instead  of  pure  mercury. 

He  states  that  the  "  phenomena  witnessed  in  comparative 
experiments  made  with  ordinary  mercury,  and  with  mercury  to 
which  a  very  small  amount  of  sodium  amalgam  had  been  added, 
were  truly  startling.  Under  circumstances  in  which  ordinary 
mercury  rapidly  lost  its  fluidity  and  globular  form,  the  metal 
containing  sodium  retained  them  unimpaired ;  and  mercury 
which  had  become  entirely  altered,  regained  its  fluidity  and 
globular  character  almost  instantaneously  on  the  addition 
of  a  small  amount  of  sodium  amalgam.  A  gold  coin  which 
could  be  dipped  for  a  few  moments  into  ordinary  mercury 
without  being  attacked  in  the  slightest  degree,  was  instan- 
taneously covered  with  mercury,  when  a  small  bit  of  sodium 
amalgam  had  been  added  to  the  metal.  Auriferous  quartz, 
with  visible  spangles  of  gold,  exhibited  exadlly  the  same 
deportment. 

"  The  advantages  that  must  accrue  in  a  commercial  point 
of  view  are  to  my  mind  undoubted.  It  will  now  be  possible 
to  obtain  a  greater  percentage  of  gold  than  heretofore  from 
any  given  ore ;  and  as  regards  the  poorer  auriferous  ores,  it 
will  now  be  possible  to  work  them  also  remuneratively." 

Dr.  Wm.  Allen  Miller,  V.P.R.S.,  Professor  of  Chemistry 
in  King's  College,  London,  has  given  his  opinion  as  follows : 

"  The  principle  is  sound ;  the  process  extremely  simple ;  the 
operation  works  into  the  ordinary  method  of  amalgamation 
completely  and  does  not  require  any  special  machinery,  and, 
so  far  as  I  have  at  present  been  able  to  judge,  the  method 
promises  to  be  a  most  important  aid  in  preventing  loss  of 
gold  and  silver,  and  in  economising  the  quantity  of  mercury 

supplied  in  tins,  made  up  in  cases  of  about  56  and  X12  lbs.  each.  Amalgams 
B  and  C  cannot  be  prepared  in  the  concentrated  form. .  In  consequence  of  the 
great  difficulty  in  shipping  the  metal  sodium  fall  the  mail  packets  and  first- 
class  vessels  refusing  to  carry  it),  and  also  of  the  danger  of  explosion  and 
waste  of  sodium  experienced  by  most  operators  in  preparing  the  amalgam, 
the  export  of  this  metal  has  almost  ceased,  and  only  amalgam  or  prepared 
mercury  is  now  exported. 
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required  in  conducing  the  extradlion  of  the  precious  metals 
by  amalgamation." 

Dr.  Frankland,  F.R.S.,  Professor  of  Chemistry  in  the 
College  of  Chemistry  (Royal  School  of  Mines),  London,  gave 
the  following  report : — 

"  I  have  to  report  that,  so  far  as  I  am  able  to  judge  from 
experiments  on  a  small  scale,  the  process  appears  to  be 
of  great  value  and  importance.  In  the  processes  for  ex- 
tradling  gold  and  silver  by  amalgamation,  the  mercury 
becomes  floured  or  sickened^  which  causes  it  to  be  more 
or  less  carried  away  and  lost.  The  mercury  so  washed  away 
carries  with  it  all  the  gold  or  silver  which  it  has  taken  up. 

"  This  loss  Mr.  Crookes  prevents  by  the  addition  of  an 
amalgam  of  sodium.'  In  the  native  state,  gold  and  silver 
are  always  coated  with  a  film,  which  prevents  the  conta<5t  of 
these  metals  with  mercury  except  after  long  grinding,  in 
consequence  of  which  large  quantities  of  gold  and  silver  are 
always  being  washed  away  in  the  tailings.  Mr.  Crookes 
attains  the  necessary  contaft  by  the  addition  of  a  trifling 
percentage  of  sodium  amalgam.  Although  these  experi- 
ments were  performed  upon  small  quantities  of  materials, 
there  is  nothing  in  their  nature  indicating  difiiculty  in  the 
application  of  the  several  processes  upon  a  manufadluring 
scale.  Indeed,  all  the  operations  are  essentially  the  same 
in  charadler  as  those  long  employed  in  metallurgical  opera- 
tions involving  amalgamation." 

Dr.  Odling,  F.R.S.,  Professor  of  Chemistry,  St.  Bartho- 
lomew's Hospital,  London,  reports  that,  from  the  experi- 
ments he  has  made  on  the  new  process,  he  is  satisfied  that 
it  will  do  what  it  professes,  that  is  to  say,  effedl  a  great 
saving  of  mercury,  a  more  exhaustive  extradlion  of  the  pre- 
cious metals  from  their  matrices,  together  with  a  more  com- 
plete colledlion  of  them  after  extradlion,  and  also  a  con- 
siderable saving  of  time  and  labour.  He  says  that  this 
process  seems  to  do  away  with  the  sickening  or  flouring 
absolutely,  whereby  it  will  altogether  prevent  the  loss  ot 
mercury  from  this  cause,  and  indeed  almost  any  appre- 
ciable loss  whatever.  Gold,  as  it  exists  in  quartz,  is  very 
imperfedlly  wetted  by  ordinary  mercury,   and  is  scarcely 
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affefted  at  all  by  that  which  is  floured  or  sickened.  Hence  a 
greater  or  less  amount  of  gold  habitually  escapes  solution 
by  the  mercury,  and  is  lost  in  the  tailings.  But  gold  of 
all  sorts  is  wetted  by  mercury  containing  a  little  sodium 
amalgam  with  as  much  facility  apparently  as  a  piece  of 
soap  is  wetted  by  water.  He  proceeds  to  state  his  con- 
vidlion  that  the  employment  of  this  process  will  result  in 
the  more  complete  extradlion  of  the  precious  metals  by  the 
mercury.  Moreover,  by  preventing  the  flouring  of  the 
mercury,  and  so  enabling  it  to  be  entirely  recovered,  all  the 
gold  and  silver  extradled  by  it  will  also  be  recovered,  instead 
of  being  partially  lost  as  heretofore  in  the  nnvtzovtx^A  floured 
mercury.     Dr.  Odling  concludes  by  saying — 

"  It  is  obvious  that  a  more  rapid  and  efficient  extradlion 
of  the  precious  metals  by  the  mercury,  and  a  more  rapid 
and  complete  colle<aion  of  the  mercury  after  their  extraction, 
must  result  in  a  great  saving  of  time  and  labour." 

Robert  Hunt,  F.R.S.,  has  made  the  following  statements 
in  the  Quarterly  Journal  of  Science^  Odlober,  1865,  in  an 
article  "  On  British  Gold,"  with  especial  reference  to  the 
Gold  Mines  of  Merionethshire  : — 

''The  extradlion  of  gold  by  amalgamation  is  attended 
with  serious  difficulties.  Whenever  sulphides,  arsenic,  bis- 
muth, or  tellurium  are  present  with  the  gold,  they  frequently 
tarnish  the  metal,  and  the  mercury  cannot  adl  upon  it. 
Technical  language  informs  us,  that  the  mercury  sickens, 
that  is,  it  grows  thick,  or  that  it  flours,  meaning  that  it 
becomes  pulverulent.  These  conditions  are  dependent  upon 
the  presence  of  other  metals.  Under  either  of  those  cir- 
cumstances much  of  the  gold  escapes  the  influence  of  the 
mercury,  and  is  lost  in  the  tailings,  whilst  much  of  the 
mercury  itself  is  carried  off  in  the  washings.  Mr.  William 
Crookes,  F.R.S.,  the  discoverer  of  the  new  metal  thallium, 
has  introduced  an  improvement  which  promises  to  be  of  the 
utmost  advantage  in  all  our  operations  for  obtaining  gold  in 
quartz-mining,  or  when  it  is  combined  with  other  minerals. 

"  Mr.  Crookes's  process  possesses  the  following  important 
advantages  : — By  the  judicious  admixture  of  a  certain  pro- 
portion of  sodium  with  the  mercury  its  amalgamating  powers 
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are,  under  all  circumstances,  preserved  and  intensified.  It  will 
extradl  gold  from  sulphides,  and  from  such  other  minerals  as 
have  hitherto  resisted  the  ordinary  process ;  it  will  seize 
upon  gold  tarnished  by  any  of  the  metals  named  above,  and 
which  would  pass  untouched  through  common  mercury 
and  be  lost ;  it  will  absolutely  prevent  sickening  and  flouring; 
consequently  the  yield  of  gold  is  augmented,  and  a  large 
saving  in  mercury  is  the  result. 

"  A  series  of  experiments  were  made  to  determine  the 
adlion  of  the  sodium  under  such  circumstances  as  pre- 
sented unusual  difficulties,  and  the  results  of  these  trials 
were  as  follows  : — 

"  It  should  be  stated  that  the  mercury  contained  one  per 
cent  of  sodium. 

"  I.  When  a  little  of  the  sodium  amalgam  was  added  to 
ordinary  mercury,  the  affinity  of  the  latter  for  gold  was 
greatly  increased,  so  that  when  pieces  of  gold  were  dipped 
into  it  they  were  instantly  covered  with  mercury,  although 
when  dipped  into  mercury  to  which  no  sodium  had  been 
added,  amalgamation  was  very  slow,  and  difficult  to  obtain. 

"2.  Floured  mercury  immediately  ran  together  into  a 
single  globule,  on  the  addition  of  a  little  sodium  amalgam. 

"  3.  When  iron  pyrites  (bi-sulphide  of  iron),  magnetic  iron 
pyrites  (sulphide  of  iron),  or  copper  pyrites  (sulphide  of 
copper  and  iron),  were  triturated  with  sodium  amalgam,  the 
pyrites  were  decomposed,  and  on  the  addition  of  water  a 
black  precipitate  of  sulphide  of  iron  was  obtained. 

"  4.  Triturated  with  sodium  amalgam — a,  arsenical  pyrites 
was  decomposed  and  arsenic  amalgam  formed ;  b,  galena 
(sulphide  of  lead)  was  decomposed  and  lead  amalgam 
formed ;  c,  blende  (sulphide  of  zinc)  was  decomposed  and 
zinc  amalgam  formed ;  d,  litharge  (oxide  of  lead)  and  white 
lead  (carbonate  of  lead)  were  decomposed  and  lead  amalgam 
formed.  An  extensive  series  of  experiments  has  been  made 
at  the  mines  near  Dolgelly,  and  in  every  case  a  considerable 
increase  in  the  quantity  of  gold  has  been  effedled  by  the  use 
of  the  sodium  amalgam.  The  only  thing  which  appears  to 
be  necessary  to  ensure  the  usefulness  of  the  sodium  amalgam 
in  all  cases,  is  a  preliminary  experiment  to  determine  the 
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quantity  of  sodium  which  should  be  used  with  the  mercury. 
This  discovery  promises  many  advantages  to  the  adventurers 
in  the  auriferous  mines  of  Wales,  and  it  will  probably  lead 
to  the  successful  working  of  some  of  the  poor  quartz  lodes 
through  which  the  sulphides  and  arsenides  of  the  baser 
metals  are  disseminated,  and  thus  prove  a  solution  of  the 
problem,  Can  British  gold  be  worked  with  commercial 
advantage  ?" 

J.  Mosheimer,  Esq.,  communicates  to  the  San  Francisco 
Mining  and  Scientific  Press  : — 

"  I  am  continually  receiving  letters  from  the  interior  ask- 
ing questions  as  to  whether  sodium  is  a  benefit  to  amalga- 
mation or  not.  My  answers  are  always  that  it  is.  Mr.  T. 
A.  Readwin  wrote  to  me  about  eight  months  ago,  that  he 
was  making  experiments  in  North  Wales  with  sodium  amal- 
gam. He  informs  me  that  he  uses  small  iron  pans  and  my 
amalgamators ;  an  equal  number  of  pans  being  worked  with 
and  without  sodium.  The  result  has  been  that  at  least  30 
per  cent  more  gold  was  produced  with  sodium  than  without. 
About  five  months  ago  I  received  several  lots  of  ore  to 
work,  and  I  determined  to  give  sodium  a  fair  trial.  I 
worked  the  same  ore  side  by  side  with  the  same  machinery, 
and  the  results  were  as  follows  : — First  lot  of  500  lbs.  each 
pan, — with  sodium,  yielded  85  per  cent  of  the  assay;  without 
sodium  the  yield  was  only  55  per  cent.  Second  lot,  different 
ore,  with  sodium,  80  per  cent ;  without  sodium,  60  per  cent. 
Third  lot,  different  ore,  with  sodium,  78  per  cent ;  without 
sodium,  65  per  cent.  I  made  many  more  trials,  and  found 
that  I  got  from  5  to  25  per  cent  more  by  using  sodium 
than  I  could  obtain  without  its  aid.'* 

According  to  experiments  made  at  Manchester  on  a  con- 
siderable quantity  of  auriferous  quartz  from  the  Montezuma 
mine,  California,  the  yield  with  ordinary  mercury  was  7*04 
dwts.  per  ton ;  but  when  the  amalgamation  was  condudled 
in  the  presence  of  a  small  proportion  of  sodium  amalgam  the 
yield  was  i  oz.  4  dwts.  per  ton.  The  experiments  were  con- 
duced with  every  precaution  necessary  to  ensure  a  fair  result, 
the  quartz  having  previously  been  finely  powdered  and 
sampled,  and  the  operations  carried  out  under  the  immediate 


Digitized  by  VjOOQIC 


THE   SODIUM   AMALGAMATION    PROCESS.  359 

superintendence  of  F.  Berger  Spence,  Esq.,  F.C.S.,  and  J. 
Carter  Bell,  Esq.,  F.C.S. 

The  following  are  reports  of  some  experiments  which  were 
made  at  the  gold  bearing  districts  in  Wales,  in  the  spring  of 
1865  :— 

At  the  Castell  Cam  Dochan  Mine,  pyrites  which  by 
common  amalgamation  would  3rield  scarcely  anything,  gave, 
when  treated  by  the  sodium  process,  at  the  rate  of  5  ozs. 
12J  dwts.  per  ton. 

At  the  Gwynfynydd  Mine,  Mr.  Readwin  and  Mr.  Spence 
obtained,  with  sodium,  i  oz.  i  dwt.  of  gold  per  ton,  against 
17  dwts.  produced  by  the  ordinary  process,  thus  saving  4 
dwts.  per  ton.  In  a  second  experiment  conducted  at  the 
same  time,  Mr.  Readwin  and  Mr.  Spence  obtained  3  ozs. 
I  dwt.  8  grains  per  ton  by  the  sodium  process,  against  2  ozs. 
14  dwts.  by  the  common  process,  saving  7  dwts.  8  grains 
per  ton.  In  a  third  experiment  by  the  same  gentlemen,  the 
ore  containing  large  quantities  of  arsenic,  pyrites,  &c.,  no 
gold  whatever  was  obtained  by  the  ordinary  process,  whilst 
the  same  ore  by  the  sodium  process  jaelded  6  ozs.  13J  dwts. 
of  gold  per  ton. 

At  the  Gwynfynydd  Mine,  Messrs.  Readwin  and  Spence 
report  {Mining  Journal,  May  20) : — *'  All  the  sulphides  and 
other  minerals  of  the  Dolgelly  distridt,  hitherto  antagonistic 
to  the  process  of  amalgamation  with  quicksilver  in  its  usual 
state,  were  subjedted  to  a  severe  test  with  sodium  amalgam 
in  Britten's  amalgamating  machines,  and  at  the  end  of  every 
experiment  the  quicksilver  was  perfeftly  bright.  The  results 
were  highly  satisfadtory." 

At  the  Cwmheisian  Mine,  Mr.  Readwin  reports  (Mining 
Journal,  June  17) : — *'  Experiments  on  the  ores  from  this  mine 
with  sodium,  have  resulted  in  a  satisfactory  yield  of  gold, 
which  could  not  hitherto  be  obtained  by  Berdan's,  Mitchell's, 
Britten's,  Mosheimer's,  or  any  other  amalgamating  machinery 
used  without  sodium"  In  a  further  experiment,  17  dwts.  of  gold 
per  ton  were  obtained  by  sodium  from  ordinary  lode-stuff. 

Mr.  Thomas  Belt,  late  manager  of  the  Prince  of  Wales 
Gold  and  Lead  Mine,  Dolgelly,  who  has  had  very  considerable 
experience  in  gold  mining  in  Nova  Scotia,  has  used  the 
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sodium  process  with  great  success  in  extracting  gold  from 
galena  by  amalgamation.  The  assay  of  the  galena  showed 
that  it  contained  13  dwts.  16  grains  of  gold  per  ton  ;  amal- 
gamation in  the  ordinary  way  with  common  mercury  only 
extracted  6  dwts.  12  grains  of  gold  per  ton,  whilst  when  the 
amalgamation  was  conducted  with  the  addition  of  a  very 
small  quantity  of  sodium  amalgam  the  whole  of  the  gold 
present  was  recovered,  the  yield  being  13  dwts.  10  grains 
per  ton. 

An  interesting  series  of  experiments  with  sodium  amalgam 
in  the  treatment  of  auriferous  ores  has  been  conducted  under 
the  superintendence  of  Professor  Silliman,  and  the  results 
obtained  are  highly  satisfactory.  Having  at  his  disposal 
a  considerable  quantity  of  Califomian  gold  quartz  from 
a  mine  in  Calaveras  county,  he  subjected  these  ores  to 
this  method  of  amalgamation,  under  conditions  subjeCt  to 
control,  both  as  expressing  the  aCtual  value  of  the  material 
experimented  on,  as  well  as  giving  the  value  of  the  restlts, 
and  the  loss  in  the  process.  The  crushing  and  grinding  was 
effected  in  the  apparatus  of  Mr.  M.  B.  Dodge,  of  New  York, 
which,  doing  its  work  dry,  gives  unusual  facilities  for  exact- 
ness. The  details  obtained  in  these  experiments  a&  to  the 
degree  of  comminution  reached  by  this  apparatus  have  been 
very  carefully  worked  out.  After  detailing  the  several  ex- 
periments which  were  actually  concluded.  Professor  Silliman 
states  that  the  results  show  that  with  unaided  mercury 
the  gold  saved  is  less  than  60  per  cent  of  the  whole  quan- 
tity of  gold  known  to  be  present.  In  one  experiment 
less  than  40  per  cent  was  saved,  whilst  by  the  aid  of  the 
amalgam  of  sodium  the  saving  is  increased  to  80  per  cent, 
or  8o'3  per  cent,  or  an  increase  of  more  than  40  per  cent, 
leading  to  the  reasonable  expectation  that  in  the  large  way 
at  least  80  per  cent  of  the  gold  present  in  a  given  case  may 
be  saved,  and,  in  many  cases,  where  the  gold  is  coarse  and 
free,  that  even  better  results  than  this  may  be  attained. 
The  first  experiment  detailed  in  which  a  different  amalga- 
mating apparatus  was  used  gave  results  surprisingly  close. 
Experiments  in  California,  under  his  direction,  have  been 
set  on  foot  upon  a  scale  of  magnitude  adequate  to  test  the 
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value  of  this  discovery  in  the  metallurgy  of  gold  in  a  satis- 
fadlory  manner.  With  regard  to  the  mode  in  which  the 
sodium  a(5ts,  Professor  Silliman  remarks  that  the  adtion  of 
the  sodium  in  this  case  appears  to  be  in  a  manner  ele(5lrical, 
by  placing  the  mercury  in  a  highly  eledlro-positive  condition 
towards  the  eledtro-negative  gold.  The  quantity  of  sodium 
is  altogether  too  small  to  allow  of  the  supposition  that  it  adls 
by  its  chemical  affinities.  The  use  of  the  sodium  amalgam 
for  silver  amalgamation  must  depend  upon  a  like  power  of 
eleftrical  adtion  to  that  seen  in  its  aftion  on  gold,  and  also 
to  the  well-known  power  of  preventing  the  granulation  (flour- 
ing) of  mercury,  or  of  saving  the  mercury  when  thus  changed. 
Indeed,  there  is  good  reason  for  believing  that  a  most  im- 
portant part  is  played  by  the  sodium  amalgam  in  this  last 
particular.  The  amalgam  of  gold  or  silver  is  very  liable, 
as  every  millman  knows  to  his  loss,  to  granulate  and  dis- 
appear from  the  plates  of  the  battery,  or  from  the  riffles,  after 
it  has  been  formed.  If  this  granulation  takes  place  it  is 
almost  impossible,  by  the  existing  modes  of  amalgamation, 
to  recover  the  minute  particles,  as  they  float  off  with  the 
currents  of  water  and  are  lost.  The  adtion  of  the  sodium  in 
recovering  the  mercury  which  has  passed  into  this  condition 
is,  perhaps,  its  most  remarkable  property. 

At  the  session  of  the  National  Academy  of  Sciences,  held 
at  Washington,  in  January,  1866,  Professor  Silliman  read  a 
paper  upon  the  sodium  amalgamation,  detailing  the  results 
of  a  series  of  experiments  conduced  by  him  upon  a  scale  of 
sufficient  magnitude  to  test  the  value  of  this  discovery  upon 
gold  quartz.  In  one  experiment  made  on  over  500  lbs.  of 
low  grade  ores,  worth  about  15  dollars  per  ton,  the  sodium 
amalgam  extrafted  practically  all  the  gold  not  existing  in 
the  sulphides.  This  experiment  was  conducted  in  a  large- 
sized  Freiberg  amalgamator,  and  was  continued  for  one 
hour,  the  sodium  amalgam  being  added  in  four  successive 
portions  of  i  oz.  each,  dissolved  in  a  portion  of  the  20 
lbs.  of  mercury  employed.  The  loss  in  mercury  was  about 
I  oz.  in  this  experiment,  the  quantity  of  the  sodium  amalgam 
being  i'2  per  cent  of  the  total  quantity  of  mercury  in  use. 

In  a  second  series  of  experiments,  conducted  on  carefully 
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prepared  samples  of  richer  ore,  worth  320  dollars  per  ton, 
treated  in  a  revolving  barrel,  the  saving  by  ordinary  mercury 
was  from  40  to  60  per  cent  of  the  total  quantity  of  gold 
present.  With  the  aid  of  sodium  amalgam  83*3  per  cent 
was  recovered. 

The  new  process  has  been  in  use  for  some  time  at  the  gold 
mines  at  Clear  Creek,  Tulare  County,  California,  where  the 
owners  report*  that  the  quicksilver  is  rendered  remarkably 
quicker  and  livelier  for  absorbing  the  particles  of  gold,  by 
the  immersion  of  small  lumps  of  sodium  amalgam.  The 
employment  of  this  process  is  considered  by  the  owners  as  a 
decided  improvement. 

A  correspondent  of  the  Mining  Journal ^\  writing  from 
America,  says : — "  A  third  great  discovery  is  the  union  of 
metallic  sodium  with  mercury,  the  afl&nity  of  which  latter 
for  other  metallic  substances  is  thereby  indefinitely,  not  to 
say  infinitely,  increased.  The  value  of  this  discovery  is  no 
longer  open  to  doubt ;  it  is  established  beyond  question,  and 
enjoys  the  fullest  confidence  of  all  who  have  witnessed  its 
operation.  It  is  being  largely  introduced  into  the  mining 
operations  of  America.  This  discovery  cannot  fail  to  take 
rank  among  the  most  useful  of  our  time." 

The  new  process  has  been  in  use  for  some  time  in  Mexico, 
at  the  Works  of  the  Real  del  Monte  y  Pachuca  Silver  Mining 
Company  (one  of  the  largest  silver  mines  in  the  world),  and 
the  Directors  report  J  that  they  have  obtained,  by  its  means, 
better  results  in  the  produce,  as  regards  economy  both  of 
time  and  of  mercury. 

The  St.  John  del  Rey  Gold  Mining  Company  (Brazils) 
have  also  commenced  experiments,  upon  which  they  report 
favourably. 

An  extra(5l  from  the  Colorado  Journal,  quoted  in  the 
American  Journal  of  Mining,  for  July  14,  informs  us  that  by 
the  use  of  sodium  amalgam  the  yield  of  the  Narragansett 
mill  has  been  increased  more  than  30  per  cent.  The  same 
journal  for  July  21,  quotes  as  follows : — "  Mr.  John  P.  Bruce 

*  The  Minevt  sl  San  Francisco  paper,  March,  1866. 

t  Mining  ^oumalj  April  28th,  1866. 

I  El  Diarto  del  ImperiOj  Mexico.     Viemes,  22  de  Diciembre  de  1865. 
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is  running  his  old  twelve-stamp  mill,  two  batteries,  six 
stamps  in  each.  For  four  days  last  week  he  used  the  mer- 
cury treated  by  sodium  amalgam  in  one  battery,  and  com- 
mon mercury  in  the  other.  He  got  one  ounce  and  nineteen 
dwts.  more  gold  in  the  former  than  in  the  latter.  Mr.  Emery 
also  tried  some  of  it  in  the  Narragansett  mill  just  before  it 
shut  down.  In  one  sedtion  of  twenty  heavy  stamps  he  used 
the  sodium  amalgam  for  two  batteries,  and  the  common 
mercury  for  the  other  two  during  a  run  of  three  days, 
obtaining  from  the  former  five  ounces  of  amalgam  more 
than  from  the  latter,  which  retorted  6*50  dollars  an  ounce, 
or  32*30  dollars  in  all.  At  the  same  rate  the  use  of  it  in  the 
forty  stamps  of  the  Narragansett  mill  for  a  week  would 
increase  the  yield  by  260  dollars.  Probably  this  result  would 
be  even  better  with  more  experience." 

The  following  extra(5l  from  a  letter  from  a  correspondent 
of  the  patentee  in  Nova  Scotia  will  be  found  interesting : — 
"  The  experiments  which  I  carried  out  with  Dr.  K.  at  the 
Lake  Major  Gold  Mines  proved  so  satisfactory  that  Dr.  K. 
was  induced  to  operate  upon  a  quantity  of  pyrites,  which, 
as  you  are  aware,  has  hitherto  been  accumulating  as 
waste  matter  in  enormous  quantities  about  the  works. 
This  morning  he  informed  me  that  he  has,  by  the  sodium 
process,  and  in  a  very  simple  and  inexpensive  way,  obtained 
gold  from  the  pyrites  in  the  proportion  of  five  ounces  per  ton. 
This  result  far  exceeded  his  most  sanguine  expecSlations." 

The  following  report  from  Messrs.  Johnson  and  Matthey 
will  show  what  the  sodium  process  is  capable  of  effecting  in 
experienced  hands — 

"  Platinum  and  Metallurgical  Works, 
"  Hatton  Garden, 
"  London,  January  9th,  1867. 

"  We  beg  to  make  the  following  report  on  the  result  of 
experiments  with  the  sodium  amalgamation  process : — 

"  The  ore  seledled  was  a  compound  mineral  from  Cali- 
fornia, with  which  great  difficulty  had  been  experienced  in 
working  in  the  ordinary  way. 

"  The  results  obtained  in  our  laboratory  were  as  follows : — 
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ozs.  dwts.    grs. 

Produce  by  assay,  per  ton    ......    7      9      6 

Produce  by  usual  process  of  amalgamation, 

per  ton 2     16      o 

Produce  by  sodium  process  of  amalgama- 
tion, per  ton 7      o      6 

"  The    trials  were  twice  repeated,  and  the  results  were 
marvellously  uniform. 

(Signed)        "Johnson,  Matthey,  &  Co." 


3*  Treatment  of  Silver  Ores  and  Argentiferous  Produ  As 
in  the  Wet  Way  (by  Solution  and  Precipitation). 

The  different  processes  by  which  silver  is  extradled  from 
argentiferous  ores  and  products  by  the  wet  way  are  all  of 
modem  origin,  and  they  have  in  many  instances  supplanted 
the  old  processes  of  amalgamation  and  liquation,  being 
cheaper,  and  allowing  the  quicker  and  more  complete  extrac- 
tion of  the  metal. 

But  these  processes  in  the  wet  way  require  ores  of  a  cer- 
tain purity,  as  otherwise  a  great  loss  of  silver  takes  place. 
Ores  containing  lead,  antimony,  arsenic,  zinc,  &c.,  are  not 
suitable,  and  the  facSl  that  silver  ores  frequently  contain 
those  substances  has  prevented  a  more  extended  application 
of  the  processes. 

Augustin's  Process  of  ExtraAing  Silver  with  Salt 

Water. 

This  process  is  based  upon  the  following  chemical  fadls  : — 
When  roasted  with  common  salt  argentiferous  ores  or 
produdts  form  chloride  of  silver,  which  is  soluble  in  a  con- 
centrated solution  of  common  salt,  forming  a  double  salt 
(NaCl  +  AgCl).  From  this  solution  the  silver  may  be  pre- 
cipitated by  copper,  which  again  may  be  precipitated  by  iron. 
The  remaining  solution,  after  being  purified  from  iron,  sul- 
phate of  soda,  &c.,  may  be  employed  for  dissolving  a  fresh 
quantity  of  chloride  of  silver. 

The  solubility  of  chloride  of  silver  in  salt  water  has  been 
known  for  a  long  time ;  but  Augustin*  was  the  first  who  made 

*  Grutzner,  die  Augustinsche  Silberextradlion,  Braunschweig,  1851.  Ding- 
tER*s  Polyt.  Joorn.,  torn.  106,  p.  75. 
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a  pradlical  use  of  this  fadt,  and  introduced  it  at  the  Gottes- 
belohnungs  furnace,  near  Eisleben,  in  Prussia,  supplanting 
the  amalgamation  process  formerly  used  for  the  treatment  of 
copper  matt.  This  process  is  much  cheaper  than  amalga- 
mation, necessitating  no  loss  of  quicksilver. 

On  comparing  these  processes  a  difference  will  first  appear 
in  the  roasting.  While  the  ores,  &c.,  for  the  amalgamation 
process  are  roasted  at  once  with  common  salt,  the  substances 
to  be  treated  by  Augustin's  process  are  first  roasted  by  them- 
selves {i.e.,  oxidised),  and  afterwards  with  an  addition  of 
common  salt,  for  the  formation  of  chlorides.  This  double 
roasting  is  done  in  order  to  produce  little  or  no  chlorides 
except  chloride  of  silver.  The  oxidising  roasting  volatilises 
a  great  part  of  those  substances  which  would  otherwise 
readily  combine  with  chlorine,  causing  a  great  consumption 
of  salt,  and  it  serves  to  convert  those  metals,  whose  com- 
bination with  chlorine  would  not  be  advantageous  to  Augus- 
tin's  process,  into  oxides  or  arseniates  having  no  tendency  to 
form  chlorides  in  the  subsequent  roasting  with  common  salt. 
For  instance,  if  the  metals  silver,  copper,  cobalt,  and  nickel, 
are  present  either  in  a  sulphuretted  state  or  as  arsenides, 
and  it  is  intended  to  extradl  all  the  metals,  the  compound 
has  to  be  first  oxidised  by  roasting,  thus  producing  sulphate 
of  silver,  free  oxide  of  copper,  and  arseniate  of  cobalt  and 
nickel.  If  these  products  are  now  roasted  with  an  addition 
of  common  salt,  chloride  of  silver  will  result,  while  the  other 
substances  are  little  affedled  by  chlorine.  The  presence  of 
foreign  chlorides  facilitates  the  volatilisation  of  silver  during 
the  second  roasting,  renders  the  subsequent  lixiviation  diffi- 
cult, and  contaminates  the  precipitated  silver.* 

Another  difference  between  the  two  processes  is  the  fol- 
lowing : — 

In  the  amalgamation  process  a  further  formation  of  chloride 
of  silver  may  take  place  in  the  casks  if  foreign  chlorides  are 
present ;  that  formation  cannot  take  place  in  Augustin's  pro- 

•  Oesterr.  Ztschr.,  1857,  P*  '08.  Plattner's  Rostprocesse,  1856,  p.  284. 
B.  u.  h.  Ztg.,  1854,  p.  126. 


Digitized  by  VjOOQIC 


366  SILVER, 

cess,  as  the  reagent  for  extradlion  (solution  of  salt)  only  dis- 
solves chloride  of  silver,  but  does  not  form  it.  Its  formation 
must  be  finished  therefore,  in  the  latter  case,  by  a  longer 
roasting. 

Sulphuretted  argentiferous  compounds  are  best  adapted  for 
Augustin's  process.  When  treating  such  substances  (t.^., 
pure,  raw,  or  copper  matt)  the  loss  of  silver  frequently  is 
no  more  than  6  per  cent,  and  even  less.  That  loss  is  caused 
partly  by  volatilisation  and  partly  by  the  residues  which 
always  contain  more  or  less  silver ;  and  it  is  considerably 
increased  if  metals  are  present  either  in  combination  with 
sulphur,  arsenic,  or  antimony,  which  form  easily  caking 
combinations  by  the  oxidising  roasting,  or  which  form  sul- 
phates or  antimoniates,  such  as  lead,  zinc,  antimony,  &c. 

In  the  last  case  many  volatile  chlorides  will  be  formed 
by  the  chlorination  roasting,  which  by  their  volatilisation 
carry  away  chloride  of  silver.  They  also  occasion  the  for- 
mation of  chloride  of  copper,  which  then  becomes  partly 
volatilised,  whilst  the  remaining  part  is  reduced  to  sub- 
chloride  of  copper,  and  dissolves  in  the  salt  water  together 
with  the  chloride  of  silver.  When  the  chloride  of  silver  is 
precipitated,  the  sub-chloride  of  copper  becomes  again  oxi- 
dised, forming  oxychloride  of  copper,  which  being  insoluble 
contaminates  the  precipitated  silver.  This  is  also  the  case 
with  chloride  of  lead,  which  is  soluble  in  hot  salt  water,  and 
separates  from  the  solution  as  it  cools. 

A  previous  roasting  of  antimonial  and  arsenical  products 
either  with  or  without  the  application  of  steam,  an  extraftion 
of  the  chloride  of  lead  by  means  of  hot  water  previous  to  the 
complete  chlorination  and  lixiviation  of  the  silver,  a  double 
roasting  and  a  double  lixiviation  of  speiss,  &c.,  &c.,  are  suit- 
able modifications  of  the  process  which  have  been  partly  em- 
ployed in  Hungary,*  and  for  the  desilverising  of  black 
copper  and  speiss  containing  lead  and  antimony;  though 
it  is  to  be  understood  that  the  antimoniate  of  silver  which 
has  been  formed  by  the  oxidising  roasting,  will  only  be  im- 
perfeftly  decomposed  by  common  salt. 

If  the  oxidising  roasting  of  copper  matt  has  been  imper- 

*  B.  u.  h.  Ztg.,  1855,  p.  64. 
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fedl^  much  sulphate  of  copper  will  remain  ii  stead  of  oxide  of 
copper,  causing  the  formation  of  a  large  quantity  of  chloride, 
of  copper,  which  then  occasions  the  above-mentioned  disad- 
vantages, besides  a  volatilisation  of  chloride  of  silver.  The 
roasting  furnaces  must,  therefore,  be  furnished  with  conden- 
sation flues.  When  applying  steam*  at  the  roasting  process 
the  volatilisation  of  silver  is  lessened,  but  the  consumption 
of  fuel  is  increased. 

Gold  can  only  be  partially  extradled,  according  to  Griitzner 
to  f  rd,  as  is  also  the  case  in  the  amalgamation  process,  and 
the  residues  have  to  be  treated,  according  to  Plattner's 
method,  by  chlorine  gas,  in  order  to  extract  the  remaining 
gold. 

Roesznert  and  Patera  t  have  lately  found  a  mixture  of 
cold  salt  water  and  chlorine  water  to  be  an  excellent  reagent 
for  extracting  gold  and  silver  at  the  same  time. 

Kiss's  II  method  of  extra(5ting  gold  and  silver  at  the  same 
time  by  means  of  hyposulphite  of  lime,  has  given  less  satis- 
factory results. 

Different  experiments,  chiefly  in  the  wet  way,  have  been 
made  to  lessen  or  to  avoid  the  loss  of  silver  caused  by  the 
chlorination  roasting,  but  the  results  obtained  have  not  been 
so  satisfactory  as  to  supersede  the  usual  roasting  with  com- 
mon salt. 

Gurlt§  treats  argentiferous  substances  in  rotating  casks 
with  chloride  of  copper  and  salt  water.  BecquerellT  has  em- 
ployed common  salt  and  roasted  pyrites  as  in  the  American 
amalgamation  process. 

Markus**  roasts  in  a  muffle,  with  an  addition  of  iron 
pyrites,  and  the  use  of  a  steam  jet ;  he  afterwards  sifts  the 

*  Oesterr.  Ztschr.,  i860,  No.  11.    B.  a.  h.  Ztg.,  1861,  p.  60. 

f  Oesterr.  Ztschr.,  1863,  Nos.  25  and  40.    B.  u.  h.  Ztg.,  1863,  p.  336. 

X  Oesterr.  Ztschr.,  1863,  No.  24. 

II  Neumann's  Extraaion,  1863.    B.  u.  h.  Ztg.,  1862,  p.  319 ;  1864,  p.  102. 

i  DiNGLBR's  polyt.  Joum.,  Bd.  120,  p.  433.  Bgwrksfd.,  xv.,  13.  B.  u.  h. 
Ztg.,  1851,  p.  692 ;  1859,  p.  54  ;  1861,  p.  79.  Berggeist,  i860.  No.  34.  Kerl, 
Rammelsberger  Huttenprocesse,  1861,  p.  103. 

If  Bgwrksfd.,  i.,  266,  541 ;  iii.,  282.  Dingler's  Polyt.  Joum.,  Bd.  60,  p.  76 ; 
Bd.,  6g,  p.  165 ;  Bd.  133,  p.  213.    B.  u.  h.  Ztg.,  846,  p.  63.    Ergfinzungsheft. 

••  Oesterr.  Ztschr.,  1856,  p.  171 ;  1858,  79.    B.  u.  h.  Ztg.,  1856,  p.  266. 
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roasting  mass  and  treats  the  sifted  substance  with  a  solution 
of  common  salt,  and  chloride  of  copper  or  iron.  Meyer* 
moistens  the  argentiferous  copper  ores  with  muriatic  acid, 
allowing  them  to  remain  about  a  fortnight  for  the  formation 
of  chloride  of  copper ;  they  are  then  submitted  to  a  chlori- 
nating roasting  without  the  addition  of  common  salt. 

Augustin's  process  is  less  applicable  to  ores  than  to  such 
products  as  speiss,  matt,  and  black  copper,  as  the  ores  more 
frequently  contain  substances  liable  to  prevent  a  perfedl 
chlorination. 

This  process  is  nowhere  employed  for  the  treatment 
of  ores,  and  the  experiments  which  have  been  made  with 
this  objedl  in  several  establishments  were  executed  on  too 
small  a  scale  to  allow  a  fair  opinion  to  be  formed  as  to  the 
applicability  of  the  process  to  ores. 

Augustin's  Process  for  the  Treatment  of  Copper  Matt. 

Copper  matt,  rich  in  copper  (60  or  70  per  cent),  but  free 
from  intermixed  metallic  copper,  lead,  zinc,  antimony,  and 
arsenic,  may  be  desilverised  by  Augustin's  process  with  the 
least  loss  of  silver.  The  copper  present  is  favourable  to  the 
produftion  of  residues  poor  in  silver,  but  intermixed  metallic 
copper,  which  always  contains  silver,  can  only  be  imperfedlly 
chlorinated  if  lead  be  present,  as,  by  forming  oxide  and 
sulphate  of  lead,  it  encrusts  the  copper  and  prevents  its  chlo- 
rination. It  is  advisable  first  to  submit  the  copper  matt 
to  a  concentration  smelting  in  reverberatory  furnaces. 

Any  lead  contained  in  the  matt  should  first  be  transformed 
into  chloride  of  lead,  and  then  extradled  by  means  of  hot 
water ;  this  must  be  done  previous  to  the  treatment  of  the 
roasting  mass  by  salt  water. 

The  desilverisation  of  the  copper  matt  requires  the  follow- 
ing manipulations : — 

a.  Roasting  the  Copper  Matt. — The  matt  is  finely  ground 
and  sifted,  and  then  roasted  at  a  low  red  heat  on  the  upper 

*  B.  u.  h.  Ztg.,  1862,  p.  179. 
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liearth  of  a  double  reverberatory  furnace  for  about  5  hours, 
in  quantities  of  about  4  cwts. ;  afterwards  it  is  roasted  at 
the  same  temperature  for  about  two  hours  on  the  lower 
hearth,  and  then  the  roasting  is  continued  for  three  hours 
longer  at  an  increased  temperature.  The  silver  contained  in 
the  matt  will  then  be  mostly  transformed  into  sulphate  of 
silver,  and  only  a  small  part  of  it  into  metallic  silver,  while 
the  metals  iron  and  copper  are  converted  into  oxides,  and 
some  little  basic  sulphates.  A  sample  of  this  roasting  mass 
when  lixiviated,  will  scarcely  appear  blue,  and  a  grain  of 
common  salt  will  produce  in  it  a  precipitate  of  chloride  of 
silver. 

The  roasting  mass  is  now  taken  out  of  the  furnace,  mixed 
with  from  i  to  6  per  cent  of  common  salt,  according  to  the 
purity  of  the  copper  matt,  and  is  then  roasted  again  for  about 
}  of  an  hour,  below  a  red  heat,  in  order  to  prevent  the 
volatilisation  of  silver  as  much  as  possible,  and  also  to  avoid 
a  fusion  of  the  chloride  of  silver  (which  takes  place  at  the 
low  temperature  of  260*  C),  as  this  chloride  is  difficult  to 
dissolve  when  in  a  fused  state.  This  second  chlorinating 
roasting  produces  chloride  of  silver,  and  some  chlorides  of 
iron  and  copper.  The  formation  of  many  foreign  chlorides 
will  take  place  if  the  first  roasting  has  not  been  carried  on 
sufficiently,  or  if  the  matt  be  contaminated  with  zinc,  lead, 
antimony,  arsenic,  &c. 

b.  Lixiviation. — ^The  roasting  mass  is  lixiviated  whilst 
hot,  by  a  concentrated  hot  solution  of  common  salt.  Accord- 
ing to  Patera's  method,*  this  lixiviation  is  eflfefted  by  apply- 
ing pressure,  in  order  to  make  the  extraction  quicker  and 
more  complete. 

c.  Precipitation. — The  solution  of  the  former  lixiviation 
contains  the  double  salt  AgCl  +  NaCl,  the  silver  of  which 
is  then  precipitated  by  copper.  The  copper  from  the  result- 
ing solution  is  again  precipitated  by  iron.  The  resulting 
cement  silver  is  first  washed  with  water  or  acids  to  free  it 
from  chlorides  of  lead  and  copper,  &c.,  and  then  dried  and 

*  Jahrbuch.  derk.  k.  Geolog.  Reichsanstatt,  1850,  p.  573  ;  1851,  p.  52.  B. 
u.  h.  Ztg.,  1851,  p.  689. 
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refined.  The  residues  are  worked  up  for  the  production  of 
spongy  copper,  if  they  do  not  contain  enough  gold  to  make 
its  extraction  profitable. 

Augustin's  process  was  adopted  in  Freiberg*  during  the 
years  1848  to  1862,  and  was  abandoned  again  in  favour  of 
the  treatment  of  copper  matt  with  sulphuric  acid,  which  is  a 
great  deal  more  profitable  for  this  purpose.  An  account  of  six 
months*  working  of  copper  matt  by  Augustin's  process,  shows 
that  the  profit  amounted  to  5746  per  cent,  while  the  treat- 
ment of  copper  matt  by  sulphuric  acid  during  the  same  period 
yielded  a  profit  of  15*9  per  cent. 

Augustin's  process  was  carried  on  in  Freiberg  as  follows: 

The  copper  matt  having  been  previously  roasted,  and 
afterwards  stamped  and  sifted,  contained  about  70  per  cent 
of  copper,  5  per  cent  of  lead,  a  little  iron,  and  from  0*25  to 
0*4  per  cent  of  silver ;  it  was  roasted  in  quantities  of  about 
4  cwts.,  as  before  described. 

The  lixiviation  of  the  well  roasted  matt  is  eflfedled  in  the 
apparatus  represented  by  Figs.  100  and  loi,  showing  the 
arrangement  used  in  Freiberg  for  the  extraction  of  silver. 

The  tubs  (a)  used  for  the  lixiviation,  stand  in  a  raised 
apartment ;  each  of  them  being  provided  with  a  filtering 
apparatus.  On  the  bottom  is  laid  a  wooden  cross,  upon 
which  rests  a  perforated  disc  of  board ;  on  this  is  placed 
a  uniform  layer  of  twigs  ;  and  lastly,  a  linen  cloth  is  brought 
above  this  layer,  and  made  tight  against  the  walls  of  the 
vat,  by  being  stretched  upon  a  hoop.  These  tubs  are  filled 
with  about  6  cwts.  of  matt,  and  moved  on  the  waggon  (d)  by  - 
means  of  the  tramway  (c)  and  the  cross  rails,  to  their  proper 
place  at  the  gallery  (6).  The  trough  (e)  is  situated  above 
the  tubs ;  it  contains  the  concentrated  solution  of  common 
salt,  receiving  it  from  the  reservoir  /,  which  again  is  fed 
from  the  reservoir  x.  The  salt  water  is  heated  by  steam, 
and  conducted  hot  upon  the  powder  in  the  tubs.  The  fluid 
coming  into  contaCt  with  the  finely-divided  chloride  of  silver 
dissolves  it,  and  carrying  it  through  the  filter,  flows  off  by 

*  Ibid.,  Z856,  p.  97 ;  1862,  p.  439.  LoRBNZ,  Stammbaum  z\i  den  Freib«rger 
HUttenprocessen,  186 1. 
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the  trough  g  into  the  basin  h,  which  is  situated  on  the 
topmost  level  of  the  precipitation  apparatus.  The  solution 
is  then  condudled  from  A,  into  the  four  tubs  (t),  in  which  the 
silver  is  precipitated  by  cement  copper.  The  cement  copper 
is  placed  in  the  tubs  upon'  a  filter  similar  to  that  with  which 
the  tubs  for  lixiviation  are  provided.  The  fluid  then,  by  means 
of  the  trough,  enters  the  next  tubs,  which  also  contain 
copper  as  a  means  of  securing  the  precipitation  of  all  the 
silver,  and  from  these  falls  into  the  tubs  m  and  n,  which  are 
filled  with  iron  for  the  precipitation  of  copper ;  at  last  the 
fluid  is  conduced  into  the  basin  (o),  which  also  contains  iron 
for  precipitating  all  the  copper,  and  it  is  then  raised  by  means 
of  pumps  into  the  reservoir  (p). 

2  B  2 
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When  the  tubs  (a)  have  been  lixiviated  they  are  placed 
by  means  of  the  waggon  (d)  upon  the  tramway  (z)  in  order 
to  wash  the  residue  in  the  tubs.  The  basin  s  contains  pure 
water;  r  contains  water  resulting  from  the  first  washing 
with  pure  water ;  and  q  contains  the  fluid  r  after  having 
been  again  used  for  washing.  The  tub  a  is  now  first  filled 
with  liquid  from  the  basin  q,  and  the  resulting  liquid  is  con- 
du<5led  into  the  trough  g.  The  residues  are  next  washed  by 
the  liquid  in  r,  and  the  resulting  liquid  is  coUefted  in  the 
basin  t,  and  lifted  by  means  of  a  pump  into  q.  The  third 
lixiviation  is  effedted  by  pure  water  from  the  basin  s,  and 
the  resulting  liquid  is  coltedled  in  u,  and  pumped  from  here 
into  r.  The  tub  (a)  is  next  carried  to  the  apparatus  (v),  by 
means  of  which  it  may  be  tipped  over,  the  residues  falling 
upon  the  table  w  by  the  opening  iz ;  y  is  a  place  for  washing 
the  cement  silver. 

The  lixiviation  is  efifedled  in  three  periods  :  the  first  with 
concentrated  salt  solution  takes  lo  hours ;  the  second  is  car- 
ried on  also  with  concentrated  solution,  and  for  about  the 
same  time.  This  second  period  is  considered  finished  when 
a  copper  plate  put  into  the  solution  no  longer  becomes  white. 
The  third  lixiviation  is  effe<5led  by  cold  water,  as  already 
stated. 

The  following  products  result  from  the  lixiviation  and  pre- 
cipitation process : — 

a.  Residues,  containing  between  40  and  65  per  cent  of 
copper,  and  some  silver.  When  found  to  contain  more  than 
0'03  per  cent  of  silver  they  are  returned  to  the  reverberatory 
furnace,  re-roasted,  and  again  lixiviated ;  when  containing 
less  than  0*03  per  cent  they  are  at  once  fused  for  the  produce 
tion  of  copper. 

b.  Cement  Silver,  in  the  form  of  a  fine  crystalline  powder 
that  coUefts  in  the  tubs  i  and  /.  This  is  removed  about  every 
«ight  days,  cleared  of  its  particles  of  copper  by  a  treatment 
with  dilute  hydrochloric  acid,  and  placed  in  a  vat,  where  it 
is  washed  by  allowing  water  occasionally  to  flow  over  it.  It 
is  then  removed  from  the  vat,  pressed  into  small  balls, 
thoroughly  dried,  and  taken  to  the  refining  department. 
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c.  Cement  Copper  from  m,  n,  o;  this  is  used  for  precipi- 
tating the  silver. 

d.  Liquid  free  from  Copper  and  Silver,  in  the  basin  (^) 
in  which  part  of  the  iron  contained  in  it  separates  as  a  basic 
salt.  It  is  from  time  to  time  purified  from  its  sulphate  of 
soda  by  crystallisation,  and  then  again  used  for  lixiviation. 

The  results  of  Augustin's  process  at  Freiberg  during  the 
first  six  months  of  1862  were  as  follows : — 
By  the  process  were  treated — 

1006' I  cwts.  of  copper  matt,  containing — 
0*2412  per  cent  of  silver,  and  64*98  per  cent  of  copper. 

21*5  cwts  of  cement  copper,  containing — 
0*5306  per  cent  of  silver,  and  61*48  per  cent  of  copper. 

For  the  precipitation  of  silver  were  used — 

1*5  cwt.  of  cement  copper,  containing — 

i*o6  per  cent  of  silver,  and  86  per  cent  of  copper. 
The  lixiviation  was  eifeded  in  84  days. 
In  one  day  11*97  cwts.  of  copper  matt  were  worked. 

For  the  oxidising  roasting  of  5  tons  of  copper  matt,  resi- 
dues, &c.,  were  consumed — 

65*93  cwU.  of  slate  coal,  and  1*72  cubic  feet  of  cinders. 

Causing  an  expense  per  cwt.  of — 

5-8d.  for  fuel.  3*8d.  for  wages.  3*3d.  for  sundries. 

For  the  chlorinating  roasting  of  5  tons  were  used — 

5*352  cwts.  of  common  salt.  50*67  cwts.  of  slate  coal. 

x*37  cubic  feet  of  cinders. 

Causing  an  expense  per  cwt.  of — 

2*7d.  for  salt.  4*4d.  for  fuel.  2d.  for  wages. 

Five  tons  consumed  in  the  lixiviation  process — 

6*617  cwts.  of  salt.  38-48  cwts.  of  slate  coal. 

0*9731  cwt.  of  wrought  iron. 

Causing  an  expense  per  cwt.  of — 

3*3d.  for  salt.  x-9d.  for  fuel.  9-6d.  for  wages. 

o*o6d.  for  iron. 

In  the  desilverisation  of  the  residues  still  containing  silver, 
of  such  residues  were  worked — 

440  cwts.  =»  42-81  per  cent. 

Five  tons  required  for  roasting — 

Z'i6  cwts.  common  salt,  and  26*27  c^^^*  ^^^  c^^* 

Causing  an  expense  per  cwt.  of — 

o'59d.  for  salt.  2*3d.  for  fuel.  o*69d.  for  wages. 

Five  tons  consumed  at  the  lixiviation — 

1*36  cwts.  salt,  and  7*78  cwts.  slate  coal. 
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Costing  per  cwt. — 

o'dgd.  for  salt.  o'4d.  for  fuel.  i*5d.  for  wages, 

o'ozd.  for  wrought  iron. 

In  the  smelting  of  the  residues  there  were  worked  up  in 
II  days — 

HOC  cwts.  of  residues.  451  cwts.  of  copper  matt. 

54*8  cwts.  of  cement  copper.  32  cwts.  of  copper  dross. 

Five  tons  of  melting  mass  consumed — 

38*002  cwts.  of  copper  matt.  87-314  cwts.  of  slate  coal. 

2*98  cubic  feet  of  cinders. 

For  the  modification  smelting  of  raw  copper  slags  were 
consumed — 

950  cwts.  of  slags.  30-5  cwts.  of  dross. 

Five  tons  of  slag  and  dross  consumed — 

zox*5i9  cwts.  of  slate  coal.  z'825  cwts.  of  fluor  spar. 

31*269  cwts.  of  quarts. 

The  resulting  raw  copper  contained — 

0*04  per  cent  of  silver,  and  98*4  per  cent  of  copper. 

The  modified  slag  contained — 

3  per  cent  of  copper. 

At  the  reducing  and  smelting  of  slags  were  consumed  for 
every  5  tons  of  smelting  mass — 

187*97  cwts.  of  slate  coal.  3*44  cubic  feet  of  cinders. 

1*757  cwts.  of  fluor  spar. 

Costing  per  cwt. — 

A  total  of  38.  lod. 

The  total  expense  per  i  cwt.  of  the  whole  smelting  mass 
amounted  to — 

38.  7d.  at  the  extradkion.  is.  7d.  at  the  smelting. 

o*o8d.  at  the  refining.  Total  58.  2*o8d. 

Yield  of  MetaL 
Of  the  silver  contained  in  the  mass  under  treatment  were 
collefted — 

In  fine  silver,  79*491  per  cent.  In  cement  copper  0*951  per  cent. 

In  marketable  intermediate  produdls  4*980  per  cent. 

In  fume  1*314  per  cent.  In  residues  3-976  per  cent. 

Total  loss  of  silver  9*288  per  cent. 

The  loss  of  silver  in  the  first  six  months  of  1862  amounted 
to— 

*3*57  pc  cent. 

This  amount  was  contained  in  the  following  proportions : — 

In  raw  copper  9*82  per  cent.  In  copper  matt  2*81  per  cent. 

In  slags  0*41  per  cent. 
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The  copper  was  obtained  from  the  substances  under  treat- 
ment as  follows : — 

In  raw  copper  73-37  per  cent.  In  cement  copper  0*271  per  cent. 

In  copper  matt  19*833  per  cent. 
In  marketable  intermediate  produd^s  1*044  pcr  cent. 
In  smoke  0*396  per  cent.  In  slags  2*835  P^  ^^nt. 

Loss  of  copper  3*23  per  cent. 


Augustin^s  Process  for  the  Treatment  of  Speiss. 

The  treatment  of  speiss  is  generally  very  difitcult,  on 
account  of  antimony  and  arsenic  contained  in  it,  but  it  has 
occasionally  given  satisfaAoryresults^ — at  the  Stephanshtitte, 
in  Hungary,  for  instance.  Ferientsik*  extracted  the  silver 
completely,  and  87  per  cent  of  the  copper  from  argentiferous 
speiss.  The  hot  solution  of  common  salt  employed  for 
lixiviating  the  silver  contained  some  chloride  of  iron,  and  the 
residues  contained  4  per  cent  of  copper.  A  loss  of  about  4 
per  cent  of  silver  took  place  when  treating  this  speiss  by  the 
amalgamation  process. 

The  argentiferous  speiss,  containing  44  per  cent  of  antimony, 
27  per  cent  of  copper,  20  percent  of  iron,  3  per  cent  of  sulphur, 
2  per  cent  of  arsenic,  bismuth,  cobalt,  nickel,  silver,  and 
gold  (only  0*0032),  is  roasted  at  a  low  temperature  in  quan- 
tities of  9  cwts.  for  5  hours  on  the  upper  hearth  of  a  double 
roasting  furnace,  and  afterwards  on  the  lower  hearth  for  the 
same  time ;  it  is  then  lixiviated.  The  residues  are  now 
roasted  for  about  5  hours  in  admixture  with  some  iron  pyrites 
or  matt,  and  again  lixiviated.  The  resulting  residues  rich  in 
antimony,  and  containing  from  2  to  4  per  cent  of  copper,  are 
smelted  with  from  30  to  50  per  cent  of  pyrites  for  the  pro- 
dudlion  of  copper  matt  and  a  speiss  rich  in  antimony ;  if  the 
copper  matt  contains  about  7  per  cent  of  copper  it  is  added 
to  the  speiss  while  roasting. 

The  extradlion  of  copper  will  be  imperfecSl  if  the  speiss  has 
only  been  once  roasted. 

•  Bericht  iib.  d.  2,  Versammlung  v.  B.  u.  H.  in  Wien.,  1862,  pp.  25,  82. 
B.  u.  h.  Ztg.,  1864,  p.  323. 
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Augustin's  Process  for  the  Treatment  of  Black  Copper. 

Black  copper  suitable  for  this  treatment  must  be  nearly 
free  from  lead,  and  must  contain  a  little  antimony,  and  not 
too  much  copper ;  black  copper  must  also  contain  these  sub- 
stances to  make  it  fit  for  the  amalgamation  process. 

When  the  copper  contains  much  lead,  it  requires  a  purify- 
ing smelting,  as  well  as  a  lixiviation  of  the  chloride  of  lead 
which  will  be  formed  at  the  chlorinating  roasting  before  the 
complete  chlorination  of  the  silver.  These  very  expensive 
operations  may  be  dispensed  with  if  it  is  possible  to  mix 
plumbiferous  black  copper  with  a  greater  quantity  of  black 
copper  free  from  lead ;  this  is  done  at  Tajova*  when  argen- 
tiferous copper  ores  are  smelted  with  an  addition  of  80  per 
cent  of  lime.  The  mixture  then  contains  12  per  cent  of 
copper,  and  0*045  per  cent  of  silver,  and  produces  24  per 
cent  of  matt,  containing  45  per  cent  of  copper,  and  0*14 
per  cent  of  silver,  besides  3  or  4  per  cent  of  antimonial  speiss 
containing  80  per  cent  of  copper  and  0*25  per  cent  of 
silver.  The  matt  is  now  roasted  11  or  12  times,  and  smelted 
in  admixture  with  10  or  12  per  cent  of  raw  speiss,  producing 
from  40  to  43  per  cent  of  black  copper,  containing  from  80 
to  85  per  cent  of  copper  and  0*25  to  0-26  lb.  of  silver, 
besides  20  per  cent  of  matt. 

An  analysis  of  such  black  copper  free  from  lead  shows 
the  following  composition  : — 

Cu 86'6o  per  cent. 

Ag 023      „ 

Fe 7-40 

Sb 5-30 


99 
9» 


Plumbiferous  black  copper  of  the  following  composition  is 

also  produced  at  Tajova : — 

X.                  n.  III. 

Ag 0-28           0*21  o'49 

Cu 8o-oi          79-50  77-17 

Pb io-o6          11-40  ii-io 

Fe 1-40            1-57  2-85 

Sb 8-IO            6-41  0-23 

•  B.   u.  h.   Ztg.,  1859,  p.  286;  1861,   p.   326;  1862,  pp.  18,  39;  1864,  p. 
102.    Oesterr.  Ztschr.,  i860,  No.  36 ;  1861,  Nos.  9,  16. 
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These  are  mixed  together  in  a  proper  proportion,  causing 
the  loss  of  silver  at  its  extraction  to  amount  to  only  5  per 
cent,  instead  of  the  loss  of  17  per  cent  occasioned  when 
purifying  the  plumbiferous  copper. 

In  order  to  reduce  the  black  copper  to  a  fine  state  of  divi- 
sion, it  is  melted,  ladled  out  in  a  pasty  state,  and  spread 
upon  a  cold  cast-iron  plate,  where  it  is  divided  as  much  as 
possible  by  means  of  a  wooden  mallet,  then  pounded, 
ground,  and  sifted ;  7  cwts.  may  be  prepared  in  about  12 
hours. 

The  powdered  black  copper  is  next  mixed  in  the  proportion 
of  100  lbs,  of  plumbiferous  copper  to  300  lbs.  of  copper  free 
from  lead,  and  roasted  in  a  double  roasting  furnace,  with  an 
addition  of  about  10  per  cent  of  powdered  salt.  It  is  kept 
for  about  5  hours  on  the  upper  hearth  of  the  furnace  at  a 
red  heat,  during  which  time  it  is  repeatedly  turned.  It  is 
afterwards  roasted  for  about  two  hours  on  the  lower  hearth, 
at  a  higher  temperature,  chiefly  in  order  to  decompose  the 
antimonial  salts.  If  the  mass  becomes  darker  at  this  roast* 
ing  period,  some  coal  or  wood  rubbish  is  added,  raising  the 
temperature  so  much  that  no  new  fuel  need  be  put  on  the 
grate  till  within  about  i^^  hours  of  the  end  of  the  operation. 
The  length  and  the  temperature  of  the  roasting  depend  on 
the  quality  of  the  roasting  material,  and  must  be  determined 
by  minute  observations  of  the  roasting  process,  as  well  as 
by  a  combination  of  the  results  obtained  by  the  roasting 
and  extraction  process. 

After  cooling,  the  roasting  mass  is  sifted,  and  the  fine 
powder  which  passes  through  the  sieve  is  submitted  to  the 
extraction  process,  while  the  powder  remaining  on  the  sieve 
is  ground  and  roasted  again.  The  roasting  mass  must  be 
moistened  to  prevent  any  loss  during  sifting. 

The  roasting  mass  is  lixiviated  in  a  similar  apparatus,  and 
in  the  same  manner  as  adopted  at  Freiberg,  described  at 
page  368.  The  resulting  residues  must  not  contain  more 
than  o'oog  per  cent  of  silver ;  should  they  contain  more  they 
are  kept  for  some  time  in  a  very  warm  place,  where  they  will 
become  more  perfectly  chlorinated  by  themselves,  when  they 
are  to  be  again  lixiviated. 
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The  precipitation  of  the  silver  and  copper  is  also  effedted 
in  the  manner  adopted  at  Freiberg. 

In  the  years  1859  and  i860,  79*69  per  cent  of  silver  were 
produced  diredt,  I5'35  per  cent  remained  in  the  profitable 
products  which  were  worked  up  again,  leaving  a  loss  of 
4*96  per  cent.  The  extradtion  of  i  lb.  of  silver  cost  £1  6s., 
and  the  cost  for  treating  i  cwt.  of  black  copper,  containing 
77*22  lbs.  of  copper  and  0*339  lb.  of  silver,  amoimted  to  8s. 

Ziervogers  Method  of  Extra<!ting  Silver  with  Warm 

Water. 

This  is  the  simplest  and  cheapest  of  all  the  different 
known  processes  for  extracting  silver,  and  is  based  upon 
the  transformation  of  the  silver  contained  in  the  substance 
under  treatment  into  sulphate  of  silver,  which  is  then 
lixiviated  by  hot  water  containing  some  sulphuric  acid,  and 
precipitated  from  this  solution  by  means  of  copper.  The 
formation  of  sulphate  of  silver  is  effedted  in  the  roasting 
process  by  the  evolution  of  sulphuric  acid,  in  a  gaseous  form, 
from  sulphates  which  have  been  generated  from  other  sul- 
phides associated  with  the  sulphide  of  silver. 

The  perfection  of  the  desilverising  depends  solely  on  the 
result  of  the  preliminary  roasting,  which  is  one  of  the  most 
delicate  operations  in  the  metallurgy  of  silver. 

The  amount  of  sulphide  of  copper  and  iron  present  is  of 
essential  influence.  Hitherto  this  process  has  only  been 
carried  on  profitably  with  the  copper  matt  of  Mansfeld,  which 
contains  about  80  per  cent  of  sub-sulphide  of  copper  (Cu^S 
with  about  65  per  cent  of  copper),  0*4  per  cent  of  sulphide  of 
silver,  and  only  11  per  cent  of  sulphide  of  iron.  If  this  matt 
is  roasted,  proto-sulphate  of  iron  is  first  formed,  and  after- 
wards per-sulphate,  which  by  the  further  roasting  becomes 
decomposed  into  peroxide  of  iron  and  free  sulphuric  acid. 
At  this  period  also  the  CuaS  is  converted  into  sulphate 
of  copper,  partly  by  the  oxygen  of  the  atmosphere,  but 
chiefly  by  the  liberated  sulphuric  acid.  If  the  temperature 
is  now  increased,  the  sulphate  of  copper  becomes  in  its  turn 
decomposed  into  oxide  of  copper  and  sulphuric  acid  gas ; 
and  the  sulphide  of  silver  is  now  transformed  into  sulphate 
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of  silver^  chiefly  by  the  sulphuric  acid  derived  from  the  sul- 
phate  of  copper. 

If  the  sulphide  of  iron  predominates  in  the  ore,  and  only  a 
little  sulphide  of  copper  is  contained  in  it,  the  formation  of 
sulphate  of  silver  will' be  imperfe<5l,  and  rich  residues  will 
result  in  the  subsequent  lixiviation  process;  however,  the 
presence  of  a  certain  amount  of  iron  in  the  matt  is  essential, 
otherwise  too  much  time  is  required  for  the  formation  of  sul- 
phate of  copper. 

The  existence  of  other  foreign  substances  in  the  matt  is 
injurious  to  the  yield  of  silver, — sulphide  of  lead  and  anti- 
mony, for  instance, — as  they  cause  a  caking  of  the  roasting 
mass.  Zinc,  antimony,  and  arsenic  facilitate  a  volatilisation 
of  silver,  and  also  give  rise  to  the  formation  of  antimoniate 
and  arseniate  of  silver,  which  is  decomposed  with  great 
difficulty  by  sulphuric  acid  gas.  If  the  decomposition  takes 
place  at  a  higher  temperature,  metallic  silver  will  be  formed, 
liable  to  volatilisation. 

The  presence  of  metallic  copper  in  the  matt  is  also  disad- 
vantageous, as  the  silver  in  it  cannot  be  extra<5led. 

According  to  present  experience,  Ziervogel's  process  is 
only  applicable  to  substances  as  pure  as  the  copper  matt  at 
Mansfeld,  and  is  not  fit  for  treating  most  of  the  silver  ores, 
as  they  either  contain  antimony,  arsenic,  lead,  and  zinc  in 
larger  quantities,  or  do  not  contain  sulphide  of  copper. 

Ziervogel's  process  was  carried  on  at  Mansfeld  for  some 
time  together  with  Augustin's  process,  in  order  to  institute 
a  thorough  comparison  between  them,  and  Ziervogel's 
method  was  thus  proved  to  be  the  simpler  and  cheaper. 
The  cost  of  roasting  and  manipulation  is  less,  the  lixiviation 
is  effedled  quicker,  and  the  yield  of  silver  is  increased. 

The  quantity  of  silver  in  the  refined  copper,  produced  from 
the  desilverised  residues,  which  were  treated  partly  by  the 
amalgamation  process  and  partly  by  Augustin's  process,  was 
from  o'0388  to  o'o63i  per  cent  in  the  years  1846  to  1849, 
and  that  resulting  from  Ziervogel's  process  only  o'02i5  per 
cent  in  1861. 

The  loss  of  silver  on  every  100  parts  of  that  contained  in 
the  substance  under  treatment,  amounted  in  the  amalgama- 
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tion  process  to  9*4722  per  cent,  in  Augustin's  process  to 
7'933  P^r  cent,  and  in  Ziervogel's  process  to  only  0*8025  per 
cent. 

Ziervogers  process  requires  the  following  operations  : — 

a.  Fine  Division  of  the  Copper  Matt. — ^The  copper 
matt  is  first  concentrated  and  granulated,  and  then  contains 
on  an  average  80  per  cent  of  Cu^S,  being  composed  as 
follows : — 

Copper 65  per  cent. 

Sulphide  of  iron     •     .     •    .    ^  11 

lead 2 

zinc     .....        5 
manganese    ...        0*2 

nickel 0*5 

cobalt I 

silver 0*4 

It  is  then  ground  very  fine  between  granite  stones,  and 
sifted. 

b.  Roasting.* — This  is  effedted  in  double  roasting  fur- 
naces, represented  by  Figs.  102,  103,  104,  and  105.  a  is  the 
lower  hearth  formed  of  fire-bricks,  resting  upon  a  layer  of 
loam  6  inches  thick ;  b  the  flue,  provided  with  a  lid  {c)  at  the 
level  of  the  condensation  chambers  (i),  which  communicates 
by  the  vertical  flue  (e)  with  a  system  of  horizontal  flues 
(/) ;  these  are  covered  with  iron  plates,  which  serve  for 
drying  the  desilverised  residues.  The  escaping  gases  are 
at  last  conducted  into  a  chimney,  154  feet  high,  which  is 
conneAed  with  7  roasting  furnaces ;  g  is  the  ash-pit  con- 
nefted  by  the  opening  k  with  the  channel  /,  which  runs 
beneath  all  the  furnaces,  and  communicates  with  the  atmo- 
sphere. The  opening  k  may  be  opened  and  shut  by  the  lid 
t,  which  is  movable  by  means  of  h ;  the  admission  of  air 
beneath  the  grate  may  be  regulated  by  the  lids  e  and  i, 
according  to  requirement ;  m  is  the  working  door  for  the 
lower  hearth,  provided  with  a  support  for  the  tools ;  n  is  the 
channel  leading  to  the  upper  hearth,  serving  for  transferring 
the  roasting  mass  from  the  upper  to  the  lower  hearth,  and 

•  Plattner'»  Rostproc^sse,  1856,  pp.  20,  140.  B.  u.  h.  Ztg.,  1863,  p.  37. 
Preuss.  Zeitschr.,  xi.,  95.    Oesterr.  Zeitschr.,  1864,  p.  2x8. 
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Fig.  102. 
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closed  during  the  roasting  process  by  means  of  an  iron  plate ; 
0  is  the  upper  hearth  ;  p,  the  working  door  for  the  same ; 
q,  flue  conducing  to  the  condensation  chambers ;  r,  filling 
of  gravel;  s,  plates  of  sand-stone;  and  t,  opening  for  removing 
the  ash,  always  kept  closed. 

In  these  furnaces  the  area  of  the  grate  is  izj  square  feet, 
the  opening  for  the  flame  above  the  fire-bridge  is  2*08,  the 
hearth  is  75,  and  the  flue  for  the  escaping  flame  i  square 
foot  in  area.  Half  of  the  area  of  the  working  doors  likewise 
admits  air. 

One  charge  for  the  roasting  process  consists  of— 

5  cwts.  of  finely-divided  copper  matt ; 
70  lbs.  of  rich  residues,  which  have  been  incompletely  de- 

silverised ; 
25      „      lixiviated  roasting  mass,  which  have  become  caked 

in  the  roasting  process. 
Besides  a  small  quantity  of  furnace  bottoms. 

According  to  Steinbeck,  the  raw  mixture  contains,  with- 
out taking  into  consideration  the  amount  of  oxygen, — 

Sulphur 19*326 

Copper 58*006 

Iron 9'i82 

Lead ,     .       2*480 

Silver 0*2856 

Zinc 4*312 

Manganese 0*1527 

Nickel 0*4395 

Cobalt 0*836 

Insoluble  residues  ....       1*084 

The  roasting  process  may  be  divided  into  three  periods: — 
Period  L — The  roasting  mass  is  properly  mixed  and  spread 
out  on  the  upper  hearth  of  the  roasting  furnace  which  has 
been  previously  heated,  and  left  untouched  for  about  half  an 
hour  in  order  to  dry ;  about  5  lbs.  of  brown  coal  are  now 
thrown  upon  it,  and  the  mass  is  worked  up  with  a  rake  for 
about  one  hour. 

Any  parts  of  the  roasting  mass  which  may  have  become 
lumpy  are  broken  down  by  means  of  a  hammer ;  mixtures 
poor  in  iron  are  less  inclined  to  cake  than  those  rich  in  iron, 
as  they  are  chiefly  generated  by  the  transformation  of  the 
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protosulphate  of  iron  into  basic  persulphate  of  iron.  These 
cakes  are  more  easily  divided  than  those  formed  during  the 
last  period,  which  consist  of  semi-fused  sulphides. 

As  the  atmospheric  air  admitted  by  the  working  door 
passes  towards  the  flue,  the  roasting  progresses  faster  here 
than  on  the  opposite  side,  therefore  it  is  necessary  to  change 
the  position  of  the  roasting  mass  after  it  has  been  raked  for 
about  one  hour.  The  mass  is  now  raked  again  for  one  hour, 
then  moved  and  raked  for  about  2^  hours  alternately  by  the 
two  attending  workmen;  25  lbs.  of  brown  coal  are  now 
mixed  with  the  roasting  mass,  which  is  brightly  glowing, 
and  emitting  burning  gases  ;  it  is  then  removed  through  the 
channel  (n)  to  the  lower  hearth  ;  the  whole  operation  occupy- 
ing about  5^^  hours. 

According  to  the  investigations  of  Plattner*  and  Steinbeck, 
all  the  sulphides,  excepting  sulphide  of  silver,  are  at  this 
period  first  transformed  into  sulphates ;  towards  the  end  of 
the  period^  sulphates  of  iron  and  zinc  are  again  decomposed ; 
sulphate  of  zinc  being  formed  more  abundantly  than  sul- 
phate of  iron.  The  sulphates  of  copper,  nickel,  cobalt,  and 
manganese  are  not  decomposed. 

The  roasting  process  is  commenced  at  a  moderate  tem- 
perature, which,  after  ij  hours,  rises  as  high  as  425"*  C, 
causing  the  above-mentioned  caking.  After  two  hours  only 
37  per  cent  of  the  sulphur,  originally  combined  with  the 
metals,  is  present,  and  not  more  than  5  per  cent  at  the  end 
of  the  period ;  sub-oxide  of  copper  is  formed  by  the  readlion 
of  the  atmospheric  air  and  the  sulphuric  acid  gas  generated 
by  the  decomposition  of  the  sulphate  of  iron  upon  the  unde- 
composed  sulphide  of  copper,  which  sub-oxide  of  copper  more 
nearly  approaches  the  state  of  oxide  of  copper  in  proportion 
as  the  greater  part  of  the  metallic  sulphides  are  decomposed. 
If  sub-oxide  of  copper  and  a  compound  of  protoxide  and 
peroxide  of  iron,  formed  by  an  insufficient  admittance  of 
air,  remain  in  the  roasting  mass  during  the  later  periods, 
they  will   have  a  partly  decomposing   reaction  upon  the 

*  Plattner*8  Rostprocesse,  1856,  pp.  20,  120,  140. 
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sulphate  of  silver  which  has  been  formed,  increasing  the  vola- 
tilisation of  silver ;  the  sub-oxide  of  copper  would  also  cause 
the  precipitation  of  metallic  silver  during  the  lixiviation 
of  the  sulphate  of  silver  by  water. 

Period  11, —Ho  fuel  is  thrown  on  the  grate  during  this 
period;  the  roasting  mass  is  spread  out  upon  the  lower 
hearth,  which  is  still  red  hot,  and  is  there  raked  continuously 
for  about  an  hour  to  prevent  too  great  a  caking  of  the  mass. 
The  flue  is  kept  closed  during  this  operation  to  avoid  a 
further  rise  of  the  temperature  by  a  rapid  oxidation  of 
the  remaining  sulphur,  and  prevent  a  combustion  of  the 
brown  coal  mixed  up  with  the  roasting  mass,  by  the  oxygen 
of  the  atmospheric  air.  In  half  an  hour  the  gradually  glow- 
ing brown  coal  is  consumed,  and  the  position  of  the  roasting 
mass  is  changed  after  it  has  been  raked  for  an  hour.  The 
flue  is  now  opened,  and  oxidation  is  accelerated  by  the 
admission  of  atmospheric  air  for  about  i J  hours ;  thus  the 
mass  cools  gradually,  becoming  nearly  dark. 

In  order  to  ascertain  the  end  of  this  period,  a  sample  is 
taken  from  the  middle  of  the  hearth,  cooled  on  a  brick,  the 
cakes  are  separated  from  the  fine  powder,  which  is  spread 
out  upon  a  porcelain  plate,  and  water  is  made  to  permeate 
it.  The  resulting  liquid  serves  for  ascertaining  the  state  of 
the  process.  If  it  is  of  a  pure  blue  colour,  like  sulphate  of 
copper,  and  if  the  addition  of  common  salt  produces  some 
little  precipitate,  indicating  that  the  formation  of  sulphate 
of  silver  has  commenced,  the  second  roasting  period  is  con- 
sidered finished ;  but  if  the  lixiviation  shows  an  impure 
greenish  colour,  indicating  the  presence  of  sulphate  of  iron, 
the  roasting  must  be  continued  somewhat  longer;  on  an 
average  it  requires  2J  hours. 

At  the  commencement  of  this  second  or  oxidising  period, 
the  flue  having  been  closed,  a  decomposition  of  the  neutral 
sulphates  takes  place  by  the  readlion  of  the  brown  coal, 
forming  sulphurous  acid  and  basic  salts ;  whilst  the  amount 
of  sub-oxide  of  copper  is  not  lessened.  When  the  flue  is 
opened  a  more  complete  roasting  of  the  metallic  sulphides 
will  occur,  the  sulphate  of  iron,  which  is  required  for  the 
formation  of  sulphate  of  silver,  almost  completely  disappears, 

VOL.  I.  2  c 
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and  the  sub-oxide  of  copper  becomes  converted  into  oxide 
of  copper.  Therefore,  at  the  end  of  this  period,  the 
roasting  mass  contains  free  oxides  of  iron  and  copper, 
basic  salts,  chiefly  of  peroxide  of  iron,  oxides  of  copper  and 
zinc,  neutral  sulphates  of  copper,  zinc,  and  manganese, 
and  a  little  oxide  of  silver  and  undecomposed  sulphide  of 
silver. 

Period  III. — Oak,  beech,  or  birch  wood,  but  not  fir  wood, 
are  used  at  this  period  for  keeping  up  the  fire,  in  order  to 
avoid  a  smoky  flame,  which  would  reduce  the  free  oxide  of 
copper  to  sub-oxide.  The  flame  is  condu5led  from  the  grate 
beneath  the  arched  roof  to  the  flue  without  coming  in  con- 
tact with  the  roasting  mass.  The  draught  of  air  is  regulated 
by  the  lid  (t),  according  to  the  state  of  the  weather ;  the  lid 
is  usually  kept  half  open. 

During  this  period  the  roasting  mass  is  continuously 
and  thoroughly  worked  up  with  a  rake ;  it  becomes  of  a 
dull  red  heat  after  about  one  hour,  but  later  of  a  full  red 
heat,  showing  only  a  few  caked  clods  and  lumps,  which 
are  not  broken  up,  but  become  more  compadl  the  higher 
the  temperature  rises.  If  the  mass  is  now  worked  by  the 
rake  for  i  J  hours  more,  alternately  by  the  different  workmen, 
the  part  lying  on  the  fire-bridge  is  usually  quite  roasted. 
When  lixiviated,  a  sample  will  give  a  light  blue  coloured 
liquid  in  which  common  salt  will  form  a  dense  precipitate  of 
chloride  of  silver.  The  mass  is  then  turned  and  moved 
about  as  the  part  away  from  the  flue  is  unfinished,  and  it 
is  raked  again  until  a  sample  shows  that  it  is  finished, 
which  is  usually  the  case  after  another  half-hour's  working. 
If  the  roasting  mass  is  overheated,  sulphate  of  silver  will 
also  be  decomposed,  and  the  lixivium  will  appear  quite 
colourless,  as  the  sulphate  of  copper  is  then  completely  de- 
composed. The  third  period  of  roasting  takes  altogether 
about  5 J  hours'  time. 

By  raising  the  temperature  at  this  period  up  to  a  light  red 
heat,  the  sulphuric  acid  is  expelled  in  the  form  of  gas  from 
the  basic  salts,  chiefly  from  the  sulphate  of  copper,  less  from 
the  neutral  salts.     The  sulphuric  acid  gas  transforms  the 
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sulphide  of  silver,  of  which  scarcely  any  is  yet  decomposed, 
into  sulphate  of  silver.  Sulphate  of  zinc  and  manganese 
are  only  decomposed  at  a  higher  temperature  than  is 
admissible  for  the  process,  as  otherwise  metallic  silver  would 
be  reduced  from  the  sulphate  of  silver. 

Steinbeck  has  found  that  the  temperature  of  the  lower 
hearth  at  the  beginning  of  the  second  period  is  from  500  to 
550°  C,  which  decreases  towards  the  end  of  the  period  to 
425°  C,  and  rises  again  towards  the  end  of  the  third  period  to 
750°  or  770°  C. 

The  loss  of  silver  during  roasting  amounts  to  7*06  per 
cent ;  91*736  per  cent  of  the  silver  is  contained  in  the  sul- 
phate of  silver,  and  i'20  per  cent  in  the  residues.  The 
volatilisation  of  silver  is  effefted  partly  mechanically  by  the 
formation  of  dust,  and  partly  as  oxide  of  silver  at  higher  tem- 
perature, which  again  is  decomposed  at  a  lower  temperature 
into  silver  and  oxygen.  This  is  proved  by  the  circumstance 
that  the  smoke  in  the  chambers  contains  different  amounts 
of  copper  and  silver  according  to  whether  it  is  deposited 
nearer  or  further  from  the  furnace,  which  would  not  be  the 
case  if  it  were  all  formed  mechanically.  While  the  richest 
copper  matt  only  contains  o*6o6  per  cent  of  silver  at  the 
highest,  smoke  found  in  the  flue  between  the  lower  hearth 
and  condensation  chambers  contains  07849  per  cent  of 
silver. 

The  smoke  resulting  from  the  roasting  furnaces  is  annually 
removed  in  quantities  of  12J  tons.  That  from  the  flues 
contains  9*3  per  cent  of  copper  and  0*073  per  cent  of  silver  ; 
that  from  the  chambers,  22*1  per  cent  of  copper  and  0*085 
per  cent  of  silver;  and  that  from  the  channels,  18*075  per 
cent  of  copper  and  0*063  per  cent  of  silver.  It  is  worked  in 
cupola  furnaces  for  the  produdlion  of  copper  matt.  The 
smoke  deposited  at  the  deepest  point  of  the  chimney  which 
serves  for  the  different  roasting  furnaces,  contains  from  g  to 
10  per  cent  of  selenium.  About  2  cwts.  of  this  smoke  are 
colle(5ted  annually,  and  used  for  the  production  of  selenium 
in  the  laboratory  at  Eisleben.  It  yields  8*333  per  cent  of 
raw,  and  6*66  per  cent  of  pure  selenium,  15  lbs.  in  all. 

2   0   2 
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According  to  Kemper,  this  smoke  is  composed  as  follows 

CaO,  SOj                 ....      178 

Fe^Oj,  SO,                 .    . 

.     .     1073 

AUO3,  SOj 

.     .     .      2-o8 

CuO,  SO3  +  HO    . 

.     .     .    25-89 

ZnO,  SOj  +  ho    .     . 

.    •      1*55 

SHO.SOj                 .     . 

.    .    ii'oa 

HO                          .    . 

.    .    21-84 

Insoluble  residues     . 

.    .    .    23-12 

Pieces  of  brick 

,     .     .       2'6o 

Besides  this  smoke  the  bottoms  of  the  lower  hearth  are 
worked  up  again.  They  contain  53*8  per  cent  of  copper  and 
o'i225  per  cent  of  silver.  Every  week  the  bottoms  are  re- 
moved mechanically,  after  being  softened  by  heating  with 
brushwood,  when  they  are  lixiviated,  and  the  residues 
added  to  the  roasting  mass.  From  2  to  2^  cwts.  of  bottoms 
result  every  week  from  one  furnace. 

io'2  cwts.  of  copper  matt  are  roasted  every  12  hours  in 
2  charges,  consuming  about  3,000  pieces  of  wood  and  5  cwts. 
of  brown  coal  per  5  tons  of  powdered  matt.  From  5  tons 
of  matt  result  4*9  per  cent  of  roasting  lumps  and  1*22  per 
cent  of  furnace  bottoms.  In  the  years  1856  to  i860,  the 
expense  of  roasting  5  tons  was  £y  8s.  6d. 

The  roasting  mass,  containing  about  91  per  cent  of  silver 
in  a  soluble  state,  and  1*2  per  cent  of  silver  in  an  insoluble 
state  (which  would  remain  in  the  residues),  is  cooled  to 
70**  R.,  and  put  in  quantities  of  5  cwts.  into  the  tubs  (a)  (Fig. 
106),  ten  of  which  are  at  hand.  The  tubs  are  furnished  with 
two  bottoms,  the  upper  one  J  of  an  inch  thick,  and  standing 
2  inches  above  the  lower  bottom,  being  perforated  with  holes 
half  an  inch  in  diameter.  The  arrangement  for  filtering 
is  like  that  used  in  the  lixiviating  process  by  salt  water 
(page  370).  b,  is  a  leaden  tube  2  inches  wide,  and  coated 
with  oakum,  by  means  of  which  from  2  to  3  cubic  feet  of 
pure  water,  heated  to  70**  R.,  are  made  to  play  upon  the  roast- 
ing mass,  which  is  covered  with  a  bundle  of  oakum  for  a 
better  dispersion  of  the  water.  When  lixivium  containing 
silver  begins  to  flow  out  of  the  tube  on  the  lower  part  of  the 
tub,  the  flow  of  water  from  the  tube  b  is  stopped  by  the  cock, 
and  instead  the  tube  a,  4  inches  wide,  is  opened,  admitting 
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Fig.  106. 


water  heated  to  70**  R.,  and  acidulated  by  an  addition  of 
sulphuric  acid,  which  runs  into  the  tub  (a)  in  quantities  of 
about  II  cubic  feet  every  two  hours,  until  an  assay  with 
common  salt  no  longer  produces  a  precipitate  in  the  liquid 
flowing  off.  The  solution  of  sulphate  of  silver  flows  by  c, 
into  the  first  compartment  (b)  of  a  large  box  30  feet  long,  2 
feet  broad,  and  ij-  feet  high ;  it  enters  the  compartment 
c  above  the  division  board,  and  it  then  flows  by  means  of 
10  cocks  into  the  ten  tubs  D  for  the  precipitation  of  the 
silver.  The  long  box  for  clarifying  the  liquid,  as  well  as  all 
other  reservoirs,  are  provided  with  a  float  (d)  indicating  the 
height  of  the  liquid. 

Upon  the  filter  of  the  tubs  for  precipitation  (d)  a  layer  of 
cement  copper  is  placed  in  small  pieces  about  3  inches  thick 
and  10  lbs.  in  weight,  and  above  this  about  20  copper  bars, 

14  inches  long,  5  inches  broad,  and  i  inch  thick,  each  weigh- 
ing about  2^  cwts.  The  solution  on  leaving  d  contains 
but  very  little  sulphate  of  silver,  and  enters  the  trough  E 

15  inches  broad  and  6  inches  deep,  coated  with  lead,  and 
provided  with  a  layer  of  small  pieces  of  copper.  It  then  flows 
into  the  tubs  f,  which  also  contain  copper,  about  18  lbs.,  in  a 
granular  state,  and  i  cwt.  in  bars ;  on  these  very  little  silver 
is  precipitated.  The  desilverised  fluid  having  a  temperature 
of  about  45**  R.,  is  now  conduced  by  the  gutter  (g)  into  a 
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leaden  reservoir,  whence  it  is  raised  by  means  of  a  pump 
into  a  leaden  pan  capable  of  containing  70  cubic  feet,  and 
after  being  heated  in  it  to  yd*  R.,  it  is  used  again  for 
lixiviation.  A  vessel  containing  sulphuric  acid  diluted  with 
8  times  its  quantity  of  water  is  placed  above  the  pan,  and 
from  it  30  drops  fall  into  the  pan  every  minute,  amounting 
to  about  J  lb.  of  sulphuric  acid  to  each  charge. 

The  addition  of  acid  prevents  the  separation  of  basic  salts, 
and  facilitates  the  solution  of  sulphate  of  silver.  The  sul- 
phate of  iron  which  will  be  formed  rea<5%s  upon  any  metallic 
silver  that  may  be  present  in  such  a  manner  that  sulphate 
of  silver  is  formed  as  well  as  sulphate  of  iron. 

The  precipitated  silver  is  removed  from  the  tubs  (d)  every 
24  hours,  and  the  filters  are  removed  every  eight  days. 

The  resulting  cement  silver  is  chiefly  contaminated  with 
metallic  copper  and  gypsum.  It  is  reduced  to  powder  in  casks 
by  means  of  wooden  pestles,  and  separated  from  the  small 
copper  lumps  by  washing  on  dishes.  It  is  now  lixiviated 
for  about  seven  days  with  sulphuric  acid  diluted  with  eight 
times  its  quantity  of  water,  in  the  nine  tubs  (h),  to  remove  the 
remaining  copper  and  gypsum  as  much  as  possible.  It  is 
afterwards  washed  with  hot  water.  The  liquid  used  for 
washing  is  raised  by  the"  gutter  l,  and  conducted  by  the 
gutter  M,  first  over  copper,  and  at  last  over  iron.  The 
washed  silver  of  about  0*865  fineness  is  formed  into  blocks, 
dried  in  a  separate  furnace,  and  refined  in  a  reverberatory 
furnace. 

When  containing  less  than  0*03  per  cent  of  silver,  the  resi- 
dues are  mixed  with  clay  and  smelted  for  the  produdlion  of 
black  copper;  if  too  rich,  they  are  roasted  and  lixiviated 
again. 

The  desilverised  liquid  is  purified  once  a  year  from  the 
copper  it  contains  by  conducing  it  over  iron.  The  pre- 
cipitated cement  copper  is  divided  into  two  lots  by  repeated 
washing  and  decantation.  The  coarser  cement  copper,  which 
is  also  the  purest,  is  used  for  the  precipitation  of  silver,  and 
the  other  copper,  being  contaminated  with  basic  salts,  is 
worked  for  the  produftion  of  black  copper. 

The  gypsum  which  crystallises  in  the  precipitation  tub  is 
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removed  every  fortnight,  and  smelted  together  with  the  smoke 
for  the  producSlion  of  matt. 

13  or  14  lbs.  of  silver  are  produced  in  12  hours. 

On  page  191  of  his  "  Rudimentary  Treatise  on  the  Metal- 
lurgy of  Silver  and  Lead,"  Dr.  Lambom  gives  the  following 
table : — 

Amount  of 
Cost  Bilver 

left  in  copper. 

£  s.  d.  Per  cent. 

Extrading  the  silver  by  liquation  from  i  cwt.  of  copper  i  10  o            *ioo 

n             „            amalgamation                ,,            o  16  6            '058 

ft             M            Augustin's  method        „            o  13  6            '058 

„             n            Ziervogers  method       „            o  11  6            '029 

Extradlion   of  Silver  by   Means  of  Hyposulphites. 

Several  methods  have  been  proposed  for  the  extraction  of 
silver  by  this  plan.  Drs.  Percy  *  and  Hauch  t  suggest  the 
conversion  of  the  silver  contained  in  the  ores  and  matt  into 
chloride  of  silver  by  roasting  with  common  salt,  and  its  sub- 
sequent extracSlion  with  hyposulphite  of  soda.  Patera  I 
first  carried  out  this  method  on  a  large  scale,  and  with  suit- 
able modifications,  in  Joachimsthal. 

Hyposulphite  of  soda  is  preferable  to  common  salt  for  dis- 
solving chloride  of  silver,  as  it  dissolves  greater  quantities  in 
a  cold  and  diluted  state  than  a  hot  concentrated  solution  of 
salt  is  capable  of  doing,  forming  a  double  salt  of  hyposulphite 
of  silver  and  soda,  i  part  of  chloride  of  silver  is  dissolved  by 
about  68  parts  of  common  salt,  while  only  z  parts  of  hypo- 
sulphite of  soda  are  required  for  dissolving  this  quantity  of 
silver. 

The  operation  is  performed  in  a  shorter  time  by  hyposul- 
phite, the  extracted  silver  is  contained  in  much  less  liquid, 
which  being  dilute  is  not  so  liable  to  pass  through  the 
vessels  as  are  hot  concentrated  solutions  of  salt,  which  also 

•  Dingler's  Polyt.  Joum.  Band.  115,  p.  281.  Polyt,  Centralbl.,  1850,  p. 
XX95.    B.  u.  h.  Ztg.,  1849,  p.  640 ;  1850,  p.  683. 

t  Russegger's  Reisen,  iv.,  725.  Jahrbuch  der  Geolog.  Reichanstalt,  1853, 
No.  3,  p.  544. 

}  Ibid.  1851.  No.  I,  p.  156;  No.  3,  p.  52.  B.  u.  h.  Ztg.,  i860,  p.  487 ; 
1861,  pp.  60,  222 ;  1863,  p.  31 ;  1864,  p.  103.  Preus.  Zeitschr.,  1862,  x.,  p.  166. 
Neumann,  die  Extradlion,  1863,  p.  72.  Oesterr.  Zeitung,  i860,  Nos.  11,  12, 
17.  39- 
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deposit  basic  salts  when  exposed  to  the  atmospheric  air, 
and  obstrudl  the  filters ;  if  the  solution  of  hyposulphite 
of  soda  is  too  concentrated  it  will  dissolve  many  foreign 
metallic  oxides,  and  contaminate  the  silver. 

In  Australia*  the  solution  of  hyposulphite  of  soda  is 
employed  in  a  heated  state. 

Fresh  hyposulphite  of  soda  is  only  required  for  the  first 
lixiviation,  and  it  is  afterwards  used  again. 

As  copper  is  also  attacked  by  hyposulphite  of  soda,  sul- 
phide of  sodium  is  used  for  precipitating  the  silver ;  the  sul- 
phide of  sodium  is  prepared  by  smelting  sulphate  of  soda 
with  carbon ;  the  resulting  mono-sulphide  of  sodium  is  then 
dissolved  in  water  and  boiled  with  sulphur  in  order  to  form 
a  poly- sulphide  of  sodium.  If  the  sulphide  of  sodium  is 
used  for  precipitating  silver  from  its  double  salt,  and  is  not 
in  excess,  the  hyposulphite  of  soda  will  be  reformed,  and  any 
surplus  of  sulphide  of  sodium  will  also  be  transformed  into 
hyposulphite  of  soda  when  exposed  to  the  air  for  a  longer 
time. 

Poly-sulphide  of  sodium  is  preferred  to  the  mono-sulphide 
for  precipitating  purposes,  as  sulphur  becomes  separated  in 
the  precipitation  process,  rendering  the  precipitate  lighter, 
and  more  clearly  indicating  the  end  of  the  precipitation ; 
mono-sulphide  always  contains  some  coal,  which  causes  the 
moment  of  precipitation  to  be  less  distinct. 

As  this  method  requires  a  chlorination  roasting,  like 
Augustin's  process,  Patera  has  introduced  some  suitable 
modifications  in  the  roasting  process,  which  enable  the  silver 
ores  of  Joachimsthal,  containing  cobalt,  nickel,  arsenic, 
antimony,  and  zinc,  to  be  advantageously  treated.  The  ores 
are  first  roasted  with  the  application  of  steam,  afterwards 
with  an  addition  of  common  salt  and  sulphate  of  iron,  and  like- 
wise with  an  admission  of  steam.  The  sulphuric  acid  from 
the  sulphate  of  iron  drives  off  the  chlorine  of  the  salt,  then 
the  muriatic  acid,  which  has  been  formed  by  the  admission  of 
steam,  will,  it  is  supposed,  readl  energetically  upon  arsenic 
and  antimony,  causing  their  removal  and  also  facilitating 

•  B.  u.  h.  Ztg.,  1864,  p.  346. 
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the  chlorination  of  the  silver.  The  loss  of  silver,  which  in 
the  usual  roasting  amounts  to  at  least  lo  per  cent,  is  thus 
reduced  to  a  minimum,  which  is  essential  in  treating  rich 
ores. 

Patera's  method  has  a  disadvantage  which  the  amalgama 
tion  and  Augustin's  processes  have  not ;  most  of  the  opera- 
tions are  done  by  men,  whilst  the  other  two  processes  make 
more  use  of  machinery,  or  are  carried  on  by  themselves ; 
also,  the  consumption  of  fuel  is  nearly  doubled  by  the  appli- 
cation of  steam.  The  roasting  mass  must  be  washed  with 
water  before  the  lixiviation  with  hyposulphite  of  soda  is 
effecSled,  as  otherwise  the  consumption  of  sulphide  of  sodium 
would  be  too  great,  and  the  resulting  sulphide  of  silver  too 
impure.  The  precipitation  requires  great  attention,  and  the 
resulting  sulphide  of  silver  still  contains  free  sulphur ;  it 
may,  in  fadl,  be  still  considered  as  a  rich  silver  ore. 

As  hyposulphite  of  soda  dissolves  chloride  of  silver  so 
readily,  and  the  loss  of  silver  during  the  roasting  process  is 
so  slight,  this  method  is  suitable  for  working  the  richest 
ores. 

It  is  carried  on  at  Joachimsthal  as  follows : — 

Rich  ores  containing  0*4  per  cent  of  silver  and  upwards, 
to  the  highest  amount,  are  only  coarsely  powdered  and 
roasted  for  four  or  six  hours  in  reverberatory  furnaces,  with 
the  application  of  steam.  The  earthy  roasting  mass  is, 
when  still  hot,  ground  up  with  from  4  to  9  per  cent  of 
common  salt,  and,  if  necessary,  with  2  or  4  per  cent  of  cal- 
cined sulphate  of  iron,  roasted  at  a  moderate  temperature, 
and  with  an  admission  of  steam.  The  roasting  is  considered 
finished  if  a  sample,  after  being  extra(5ted  by  hyposulphite 
of  soda,  does  not  retain  more  than  o'l  or  0*2  per  cent  of 
silver  in  its  residues,  whence  it  is  inferred  that  the  original 
ores  contained  from  0*4  to  4  per  cent  of  silver.  If  they  con- 
tain more,  say  from  8  to  10  per  cent,  they  must  be  roasted 
for  a  longer  time,  about  five  or  six  hours  or  more,  and  then 
if  the  residue  of  a  sample,  after  having  been  treated  as 
described,  contains  from  i  to  2  per  cent,  one  or  two  re- 
petitions will  reduce  this  amount  to  o'l  or  o*2  percent.  The 
roasting  mass  is  then  sifted,   moistened  with  water,  and 
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allowed  to  remain  some  time ;  the  chlorination  of  the  silver 
is  thus  continued.  When  washed  with  hot  water,  the  salts 
of  iron,  cobalt,  nickel,  zinc,  copper,  lead,  and  also  a  little 
silver  will  be  dissolved.  The  solution  is  decomposed  by 
lime-water,  and  the  resulting  precipitate  added  to  the  raw 
smelting. 

The  washed  roasting  mass  is  next  treated  with  a  cold  and 
dilute  solution  of  hyposulphite  of  soda,  i  cubic  foot  of  which 
will  dissolve  0753  lb.  of  silver,  and  the  solution  of  hypo- 
sulphite of  soda  is  always  regenerated  upon  the  precipitation 
of  the  silver.  The  subsidence  of  the  precipitate  is  facilitated 
by  a  perforated  wooden  disk  moving  up  and  down ;  the  clear 
solution  is  then  allowed  to  flow  off,  and  the  sulphide  of  silver 
is  filtered  in  a  canvas  bag,  pressed,  dried,  and  washed  with 
hot  water,  so  as  to  extradl  the  sulphate  of  soda  it  contains  ; 
it  is  then  dried  again,  and,  if  containing  60  per  cent  of  silver, 
heated  in  a  mufHe  or  in  a  retort,  and  the  residue  containing 
80  per  cent  of  silver  is  melted  together  with  iron  in  a  plum- 
bago crucible,  producing  silver  of  from  0*940  to  0*960  fine- 
ness. This  is  again  refined,  and  the  matt  which  results  at 
the  same  time,  and  containing  up  to  10  per  cent  of  silver,  is 
added  to  the  roasting  mass  instead  of  sulphate  of  iron.  The 
residues,  smoke,  &c.,  if  sufficiently  poor,  are  mixed  with 
poor  ores,  and  submitted  to  a  concentration  smelting ;  if 
richer  they  are  given  back  to  the  extraction  process.  The 
yield  of  this  process  amounts  to  88  per  cent  of  silver,  i  or  2 
per  cent  are  lost,  and  the  rest  remains  in  the  intermediate 
produ(5ts ;  the  loss  becomes  less  in  proportion  as  the  wooden 
vessels  cease  to  absorb  any  of  the  solution. 

In  1869,  the  cost  >for  materials  and  labour  amounted  to 
8s.  6d,  per  cwt.  of  ore,  and  to  4s.  4d.  per  lb.  of  silver  pro- 
duced. 

The  residues  containing  more  or  less  nickel  and  cobalt, 
together  with  ores  poor  in  silver,  are  smelted  in  admixture 
with  10  per  cent  of  pyrites,  12  per  cent  of  pounded  slags, 
and  sufficient  lime  for  the  production  of  16  per  cent  of  matt. 
Ore  containing  0*23  per  cent  of  silver,  and  3*4  per  cent  of 
nickel  and  cobalt,  yields  a  matt  containing  i*25  per  cent  of 
silver,  and  17  per  cent  of  nickel  and  cobalt.     The  matt  is 
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then  re-melted  with  an  addition  of  sulphate  of  soda,  mois- 
tened, and  exposed  to  the  atmospheric  air,  which  causes  an 
oxidation  of  the  sulphides  of  sodium  and  iron,  and  converts 
the  matt  to  a  fine  powder,  20  per  cent  of  its  soluble  com- 
ponents are  then  extraAed  by  water,  as  otherwise  the  sul- 
phide of  iron  could  only  be  decomposed  with  difiiculty,  on 
account  of  the  presence  of  sulphate  of  soda.  The  remain- 
ing residue,  containing  o'l  to  0'2  per  cent  of  silver,  is  now 
smelted  with  arsenical  and  iron  pyrites  for  the  produftion  of 
speiss  and  copper  matt,  and  the  speiss  is  liberated  from  the 
iron  it  contains  by  a  refining  smelting,  and  afterwards  used 
for  the  extradlion  of  cobalt  and  nickel. 

The  cost  of  this  process  is  from  30  to  60  per  cent  lower 
than  that  of  the  smelting  processes  formerly  used,  owing  to 
the  saving  of  charcoal,  as  only  cheap  brown  coal  is  used  for 
roasting. 

Extradlion  of  Silver  with  Sulphuric  Acid. 

This  method  consists  in  treating  argentiferous  copper  matt 
or  black  copper,  which  must  be  as  free  as  possible  from  iron, 
with  hot  dilute  sulphuric  acid,  which  will  dissolve  sulphate 
of  copper,  while  the  silver  remains  in  the  residue.  The  resi- 
due is  then  desilverised  by  smelting  it  together  with  lead 
ores  or  with  plumbiferous  produdls ;  the  wet  way  is  seldom 
employed.  The  sulphate  of  copper  is  either  boiled  down 
and  sold  as  such,  or  it  is  worked  up  together  with  copper  matt 
for  the  produftion  of  copper.  Bachmann*  advises  that  the 
sulphide  of  copper  should  be  heated  in  retorts  for  the  extrac- 
tion of  part  of  its  sulphuric  acid,  and  the  residues  smelted  in 
cupola  furnaces. 

This  method  is  chiefly  advantageous  when  treating  pro- 
ducts containing  a  certain  amount  of  lead,  antimony,  and 
arsenic.  It  is  preferable  to  Augustin's  process,  as  being 
cheaper,  more  quickly  executed,  and  yielding  more  copper, 
silver,  and  gold.  With  regard  to  gold,  this  method  is  more 
eflfecSlual  than  all  the  other  processes,  either  in  the  dry  or 
wet  way. 

•  Oeslerr.  Ztschr.,  1857,  PP-  2S3,  289. 
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The  following  is  a  comparison  of  the  liquation  process  with 
this  method  of  extra<5ting  silver,  as  regards  the  loss  of  silver, 
and  the  expense : — 

Eztra&ion  with 
Liquation.  sulphuric  acid. 

Loss  of  silver        28  per  cent. '     15   per  cent. 

„      copper 20        „  12^^ 

, ,      lead  with  regard  to  the 


104        „  10 

i*a      „  I 

£4  los.  — 

^  -  £5  8s. 


quantity    of    black 
copper  treated 
Proportional  expense  of  treat- 
ment 
Selling  price  of  i  cwt.  refined 

copper 
Value  per  cwt.  of  the  copper 
contained  in  the  sulphate 
of  copper 

The  loss  of  silver  in  the  extraAion  process  with  sulphuric 
acid,  which  is  not  inconsiderable,  is  caused  by  the  antimonial 
and  arsenical  residues  which  are  formed  when  employing 
impure  sulphuric  acid;  i  cwt.  of  copper  produces  nearly 
4  cwts.  of  sulphate  of  copper. 

It  is  generally  more  advantageous  to  treat  black  copper  by 
this  method  than  copper  matt,  as  black  copper  only  requires 
a  refining  previous  to  treatment  for  the  extraftion  of  its  con- 
tained iron,  which  would  otherwise  contaminate  the  sulphate 
of  copper ;  but  the  copper  matt  must,  after  some  preliminary 
roastings,  be  first  submitted  to  a  concentration  smelting  in 
cupola  furnaces,  and  then  re-smelted  in  reverberatory  furnaces 
with  an  addition  of  quartz,  heavy  spar,  and  coal,  so  as  to 
prevent  the  formation  of  black  copper.  The  coal  added 
serves  to  reduce  the  sulphate  of  baryta  to  sulphide  of  barium, 
which  reacSls  upon  the  oxide  of  copper  present,  forming  sul- 
phide of  copper  and  oxide  of  barium,  and  the  latter  then 
becomes  scorified  by  the  quartz  together  with  the  oxide  of 
iron.  The  expense  is  nearly  the  same  whether  treating 
copper  matt  or  black  copper,  but  the  extraftion  of  iron  may 
be  effecSled  with  greater  security  from  black  copper,  and  the 
manipulations  for  extrafting  silver  are  less  troublesome. 

The  treatment  of  copper  matt  is  based  upon  the  fafts  that 
oxide  of   copper  is   readily  dissolved  by  dilute   sulphuric 
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acid,  and  oxide  of  iron,  after  being  heated,  with  difficulty, 
and  that  antimoniates  and  noble  metals  (silver)  are  very 
little  dissolved,  whilst  gold  is  insoluble ;  the  noble  metals 
therefore  remain  in  the  residues,  while  sulphate  of  copper  is 
produced.  The  residues  are  either  fused  with  lead  for  the 
extradlion  of  the  precious  metals,  as  at  Freiberg,  or  they  are 
extracSled  at  once  in  the  wet  way,  as  at  SchmoUnitz. 

The  copper  matt  of  Freiberg  resulting  from  the  lead  pro- 
cesses, and  containing  from  38  to  44  per  cent  of  copper,  is 
melted  and  concentrated  in  cupola  furnaces.  The  resulting 
matt,  containing  58  per  cent  of  copper,  is  then  smelted  in 
reverberatory  furnaces  with  an  addition  of  quartz,  heavy  spar, 
and  coal,  and  concentrated  still  further,  so  that  after  smelt- 
ing it  contains  about  70  per  cent  of  copper ;  the  iron  present 
is  thus  reduced  to  0*3  per  cent. 

The  matt  is  then  pounded  and  sifted  and  roasted  in  double 
roasting  furnaces  for  about  12  hours,  in  charges  of  10  cwts., 
and  after  this  first  roasting  it  is  ground  and  again  roasted 
for  4  hours. 

The  tubs  in  which  the  roasted  matt  is  treated  with  sul- 
phuric acid  are  cylindrical,  2f  feet  in  diameter,  3J  feet  high, 
and  made  of  lead  plates  ^  inch  thick.  They  are  furnished 
with  three  iron  hoops  and  three  iron  bars  to  keep  them  firm, 
and  both  hoops  and  bars  are  coated  with  lead.  As  the  bottoms 
suffer  a  great  deal  by  the  deposition  of  crusts,  they  are 
cast  from  hard  lead,  and  protedled  with  a  board.  The  tubs 
are  provided  with  two  openings,  one  two  inches  distant  from 
the  bottom  for  carrying  off  the  residues,  and  a  second  four 
inches  higher  for  tapping  off  the  liquid ;  both  openings  are 
provided  with  short  tubes,  so  that  a  gutta-percha  pipe  with 
cocks  for  closing  may  be  joined  to  them.  Each  tub  is  pro- 
vided with  a  leaden  sieve  resting  upon  strong  leaden  supports, 
and  a  movable  leaden  tube  two  inches  wide,  which  reaches 
down  to  within  one  inch  of  the  bottom.  These  tubes  are 
connedled  with  the  main  pipe  for  conducing  the  steam  from 
the  boiler  by  means  of  a  caoutchouc  tube ;  the  steam  is 
superheated  in  an  apparatus  above  the  tube. 

Each  tub  receives  3  cubic  feet  of  the  liquid  used  for  the 
previous  process,  and  3  cubic  feet  of  impure  sulphuric  acid 
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of  45**  or  47°  B.,  and  steam  is  admitted  to  the  mixture,  which 
now  registers  34°  or  36°  B.,  while  2  cwts.  of  roasting  mass 
are  gradually  stirred  into  it.  After  a  quarter  of  an  hour,  9 
cubic  feet  of  the  liquid  of  the  previous  process  are  added, 
and  the  stirring  is  kept  up  continually  for  the  first  hour ;  it 
is  afterwards  carried  on  only  every  half-hour,  and  steam  is 
admitted  all  the  time  to  keep  the  mass  up  to  the  boiling 
point.  After  four  or  ftve  hours  the  steam  is  withdrawn,  and 
the  mass  is  allowed  to  settle  for  half  an  hour ;  the  liquid  is 
next  tapped  off,  and  then  the  residues  are  washed  with 
water,  and  the  water  added  to  the  liquid.  The  residues 
contain  from  3  to  5  per  cent  of  copper,  and  a  variable  amount 
of  silver ;  they  are  dried  and  worked  up  in  the  lead  smelting 
process. 

The  liquid  of  40"*  or  42**  B.,  after  having  remained  in  the 
clarifying  vessels,  and  there  deposited  basic  iron  salts,  is 
condudted  into  the  vessels  for  crystallisation.  The  crystals 
are  deposited  on  strips  of  lead  in  about  six  days,  and  the 
resulting  crystals  are  pounded  and  dissolved  in  liquid  of  22° 
or  24''  B.,  and  re-crystallised  in  leaden  vessels. 

The  acid  liquid  is  used  for  extradlion  purposes  three  or 
four  times  more,  then  concentrated  by  boiling,  and  twice 
crystallised. 

The  annual  produdlion  of  sulphate  of  copper  in  Freiberg 
amounts  to  about  800  tons. 

The  following  tables  afford  a  comparison  of  the  results  of 
the  extracSlion  with  sulphuric  acid,  and  the  results  of  Augus- 
tin's  process,  given  on  page  373. 

At  Freiberg,  in  the  last  six  months  of  the  year  1861,  were 
worked  up — 

a.  By  roasting — 

1151*2  cwts.  of  copper  matt,  containing — 
0*4175  per  cent  of  silver  and  71*20  per  cent  of  copper. 

Consuming  for  every  cwt.  of  matt — 
1*23  cwts.  of  slate  coal. 
Costing — 

ii*6d.  for  fuel.    7*3d.  for  labour. 

b.  The  cost  of  grinding  i  cwt.  of  matt  amounted  to — 

i*3d.  for  labour.    2*6d.  for  repairs. 
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c.  Lixiviation. — From  i'i7  to  2*03  cwts.  of  sulphuric  acid 
were  used  for  every  cwt.  of  matt,  and  the  cost  for  lixiviating 
I  cwt.  of  matt  amounted  to  12s.  5*7d. 

There  were  lost — 

5  per  cent  of  silver.  4  per  cent  of  copper. 

And  the  total  profit  amounted  to — 

70  cwts.  56  lbs.  of  lead,  or  15*9  per  cent  in  money. 

The  working  of  i  cwt.  of  copper  matt  gave  a  profit  of — 

15s.  xod. 

In  the  first  six  months  of  the  year  1862,  there  were 
treated — 

8*59  cwts.  of  ores,  flux  ores,  and  dross,  containing  8*205  lbs.  of  silver. 
x,ioo  cubic  feet  solution  for  lixiviating,  containing  5  lbs.  of  copper. 
359  cwts.  of  copper  matt  from  the  roasting  and  lixiviating,  containing  0*39 
per  cent  of  silver  and  69  per  cent  of  copper,  and 

1716*3  cwts.  of  copper  matt,  containing  40  per  cent  of  silver  and  70  per  cent 
of  copper. 

Altogether  there  were  obtained  826*53  lbs.  of  silver. 
2330*72  cwts.  of  sulphuric  acid  of  66"^  B.  were  used. 

The  yield  consisted  of — a.  In  mercantile  produfts — 

4925*51  cwts.  of  sulphate  of  copper,  containing  per  cwt.  25*4  lbs.  of  copper, 
worth  £1  7s-  6d.  per  cwt. 

16*85  cwts.  of  sulphate  of  iron,  worth  48.  per  cwt. 

6.  In  residues — 

456  cwts.  containing  1*32  to  2*29  per  cent  of  silver,  30  per  cent  of  lead,  and 
7  to  18  per  cent  of  copper, 

Maiking  altogether,  798*51  lbs.  of  silver. 

The  loss  of  silver  therefore  amounted  to — 

4*47  per  cent. 

The  Extradtion  of  Silver  from  Black  Copper,  which 
was  formerly  effedled  at  the  lower  Hartz  by  the  liquation 
process,  is  now  done  by  sulphuric  acid,  and  the  result  is  a 
profit  of  about  lis.  per  cwt.  of  copper,  whilst  the  former 
treatment  gave  a  loss  of  about  the  same  amount.  The  yield 
of  silver,  which  is  now  about  877  to  90  per  cent,  was  formerly 
only  70  per  cent,  and  the  present  yield  of  gold  is  30  times  as 
large. 
The  process  requires  the  following  operations  : — 
a.  Dissolving  the  Copper. — This  is  eflfefted  in  wooden 
tubs  coated  with  lead,  5  feet  high,  and  2j-  and  3^  feet  in 
diameter  respeAively  at  the  top  and  bottom ;  they  are  fur- 
nished with  2  bottoms,  the  upper  one  being  placed  5  inches 
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above  the  lower  one.  About  i}  tons  of  granulated  copper 
is  put  into  them,  and  then  dilute  sulphuric  acid  of  aS^B., 
and  heated  to  70**  C,  is  added.  The  solution  of  sulphate  of 
copper  is  removed,  as  soon  as  formed,  by  a  syphon,  and 
every  quarter  of  an  hour  fresh  acid  and  fresh  copper  are  added 
as  required. 

b.  Crystallisation  of  the  Raw  Vitriol. — The  solution  is 
condu(5ted  for  this  purpose  along  a  gutter  160  feet  long,  and 
the  crystals  formed  are  removed  every  three  days  and  re-crys- 
tallised. The  remaining  acid  liquid  is  used  for  diluting  the 
sulphuric  acid. 

The  argentiferous  and  auriferous  slime  which  remains 
when  the  copper  is  dissolved  partly  adheres  to  the  granulated 
copper,  and  is  partly  carried  away  with  the  solution  into 
the  crystallisation  gutter,  and  becomes  enclosed  in  the  crys- 
tals, from  which  it  is  separated  when  they  are  dissolved 
for  re-crystallisation. 

The  vitriol  of  Oker,  in  the  Lower  Hartz,  is  nearly  chemi- 
cally pure,  and  the  composition  of  the  small  crystals  (b) 
differs  very  little  from  that  of  the  large  ones  {a),  as  the  fol- 
lowing analyses  by  Werlisch  will  show : — 

a.  b. 

CuO 30*595  31*881 

SO3       34-335  34-311 

HO       .    •    .    .     .    35-727  35*868 

Zn  and  Fe     .     .     .     trace  trace 

Oker  produced  7648*44  cwts.  of  vitriol  in  1863. 

c.  Fusion  of  the  Residues  with  Lead. — The  slime,  in 
the  form  of  a  leaden-grey  mass,  is  repeatedly  washed  with 
water,  and  contains,  besides  silver  and  gold,  sulphates,  anti- 
moniates,  and  arseniates  of  lead  and  lime.  An  analysis  by 
Ulrich  proves  it  to  have  the  following  composition : — 

Ag 3*o68  percent. 

Cu 7-400 

Pb     • 23-100        „ 

CaO 8-300 

SO3 16-200        ,, 

Sb  and  As 27-000        „ 


Digitized  by  VjOOQ IC 


EXTRACTION   OF   SILVER   WITH   SULPHURIC   ACID.        40I 

The  large  amount  of  antimony  and  arsenic  present  is  de- 
rived from  the  impure  sulphuric  acid. 

The  residues  are  then  moistened  and  mixed  with  pounded 
litharge,  in  the  proportion  of  2  :  i,  and  formed  into  balls ; 
when  dried  they  are  smelted  with  such  an  addition  of 
f  litharge  and  slags  that  a  raw  lead  results,  containing  about 

i^^  per  cent  of  silver;  this  raw  lead  is  cupelled  in  the  usual 
rnanner. 


VOL.    I.  2D 
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CHAPTER    III, 


ZINC. 


PRINCIPAL  ORES  OF  ZINC. 

The  following  minerals  are  chiefly  employed  for  the 
produAion  of  zinc,  and  may  be  considered  as  the  principal 
zinc  ores : — 

I.  Calamine. — ^This  general  name  is  given  to  the  combina- 
tions of  oxide  of  zinc  with  carbonic  acid  and  silica. 

Carbonate  of  Zinc,  called  by  the  special  names,  lamellar 
calamine,  and  noble  calamine,  ZnO,  COa,  is  composed  when 
pure  of  65*20  percent  of  ZnO,  and  contains  52  per  cent  of  Zn 
and  34'8o  per  cent  of  CO,.  But  part  of  the  oxide  of  zinc  is 
usually  replaced  by  other  metallic  oxides  and  earths,*  such 
as  oxide  of  iron,  manganese,  copper,  cadmium,  lead,  calcium, 
and  magnesium,  from  which  circumstance  this  ore  frequently  . 
contains  only  40  per  cent  of  zinc,  or  even  less. 

This  carbonate  of  zinct  is  seldom  found  in  veins,  and 
generally  occurs  in  beds,  nests,  and  impregnations  in  the 
Devonian  formation:  between  limestone  and  slate,  for  in- 
stance, at  Altenberg,  near  Aix-la-Chapelle,  at  Welkenrath, 
Stolberg,  Corphalie,  Engis,  Brilon,  and  Iserlohn;   in  the 

*  Analysen :  Rammelsberg,  Handbuch  der  Mineral  Chemie,  i860,  p.  1016. 
MuspRATT — Strohmann's  Techii.  Chem.  iii.,  1851. 

f  V.  Dechbn,  Statis.  d.  Zollv.  Deutchl.  i.,  760.  Berggiest,  1858,  p.  99 ; 
i860,  Nos.  54,  81 ;  V.  Gotta,  Erzlagerst.,  1.,  94. ;  ii.,  133,  135,  182,  237,  341. 
Ztschr.  d.  deutch  geol.,  Gesellsch.,  1857,  P*  354*  ^*  ^'  ^-  ^^Sm  '^^>  PP* 
221,  263,  439 ;  1862,  p.  264 ;  i860,  p.  495.  Bgwkfd.  xvi.,  306.  Karst.  Arch., 
I  R.,  xvi.,  424. 
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magnesian  limestone  at  Htiggel,  near  Osnabriick  ;  in  shell  lime- 
stone  at  Wiesloch,  in  Baden,  in  Upper  Silesia,  in  Carinthia;  in 
Dolomite,  in  Pennsylvania ;  and  in  chalk  at  Santander,*  in 
Spain  ;  it  also  occurs  in  considerable  deposits  in  Somerset- 
shire, Derbyshire,  and  Cumberland. 

This  variety  of  calamine  is  frequently  associated  with 
other  zinc  minerals,  and  with  iron  spar,  brown  and  yellow 
iron  ore,  galena,  white  lead  ore,  copper  pyrites,  &c.,  which 
render  the  extradlion  of  zinc  more  difficult ;  they  also  re- 
quire more  complicated  dressing  operations,  and  the  zinc  is 
less  pure.  The  dressing  operations  are  simple  when  treating 
the  purer  sorts  of  calamine,  which  are  only  associated  with 
clay  and  lime,  and  consist  chiefly  in  the  separation  by  hand 
of  the  larger  pieces  of  ore  ;  only  the  small  ore  (mine  waste) 
is  submitted  to  washing.  This  small  ore  is  more  impure 
than  the  large  pieces,  and  the  red  calamine  is  richer 
in  iron  and  magnesia  than  the  grey  and  white  calamine. t 
The  difficulties  in  the  treatment  of  calamine  are  increased  the 
more  iron  it  contains,  owing  to  the  formation  of  silicate  of  iron, 
which  causes  scorification,  and  destroys  the  distilling  vessels. 
Some  sorts  of  calamine,  for  instance,  those  of  Wiesloch, 
contain  upwards  of  2  per  cent  of  cadmium ;  many  kinds 
are  free  from  arsenic,  copper,  &c.,  and  yield  an  excellent  zinc. 

Hydrated  Silicate  of  Zinc,:  S^nO,  Si03  +  2HO,  with 
52*5  per  cent  of  zinc,  2  (aZnO,  SiOj)  +  3HO,  with  537 
per  cent,  and  sometimes  with  a  small  amount  of  oxide  of 
lead;  when  in  an  anhydrous  state  it  is  called  Willemite, 
3ZnO,  SiOj,  with  58'!  per  cent  of  zinc,  frequently  contain- 
ing a  small  quantity  of  Mn^Oj,  Fe^Oa,  CaO,  and  MgO, 

a.  Hydrated  Carbonate  of  Zinc  (ZnO,  COa)  +  2ZnO,  HO, 
with  57'i  per  cent  of  zinc,  is  found  in  extensive  homoge- 
neous masses  associated  with  calamine  at  Cumillas,  near 
Santander,  II  in  Spain,  whence  it  is  exported  to  Belgium, 
where  it  is  worked  in  different  smelting  works. 

•  V.  CoTTA,  Erzlagerst.  ii.,  441.   Berggeist,  1861,  p.  484.   B.  u.  h.  Ztg.,  1859, 
p.  223;  1861.  pp.  112,  331. 
+  Ibid.,  i860,  pp.  38,  496. 
J  Ibid.,  1861,  p.  267. 

II  Ann.  d.  Chem.  u.  Pharm.  Bd.  108,  p.  48. 

2  D  2 
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3.  Red  Zinc  Ore. — ZnO,  with  8o'2  per  cent  of  Zn.  It  is 
usually  mixed  with  more  or  less  Mn^Oa,  ^^^  instance,  88  ZnO 
and  i2Mn203.  According  to  Rammelsberg,  Franklinite* 
probably  consisting  of  4Mna03,  8Fea03,  2iFeO,  and  isZnO, 
occurs  in  New  Jersey,  U.S.  It  is  used  at  Newark  for  the 
production  of  zinc  oxide  t  and  metallic  zinc  ;  I  it  contains 
some  arsenic. 

4.  Zinc  Blende. — ^ZnS,  with  66*9  per  cent  of  zinc,  some- 
times containing  FeS,  CdS,  and  small  quantities  of  PbS 
and  SbSj ;  the  Wack  blende  contains  so  much  FeS  that 
it  may  be  considered  as  a  combination  of  sZnS  +  FeS, 
containing  51*6  Zn.  According  to  Malaguti  and  Durocher,|| 
mostsblende^  contain  a  small  amount  of  silver  up  to  o'88  per 
cent,  which  cannot  originate  from  the  disseminated  galena. 
In  some  cases  the  silver  may  be  extradled  from  the  residue 
of  the  blend^y  roasting  (Przibram,§  Llansamlet,  near 
Swansea), IT  &c.  If  galena  and  zinc  blende  occur  together, 
the  former  usually  contains  most  silver.**  Zinc  has  a  greater 
affinity  for  silver  than  lead,  the  exception  being  the  blende  at 
Poullaouen,  which  contains  twenty  times  as  much  silver  as 
the  associated  galena.  Blende  sometimes  contains  a  small 
amount  of  gold  ;  a  radiated  variety  found  at  Przibram  is  re- 
markable for  containing  a  large  proportion  of  cadmium. 

The  zinc  ores  of  England,  tt  like  those  of  France,  Belgium, 
and  Silesia,  occur  in  two  geological  localities. 

The  first  locality  is  in  the  carboniferous  or  mountain  lime- 
stone, where  it  occurs  in  veins  ;  blende  and  calamine  usually 
accompany  the  numerous  veins  of  galena,  which  traverse 
the  limestone,  though  there  are  many  lead  mines  that  yield 
no  calamine ;  and,  on  the  other  hand,  there  are  veins  of 
calamine  alone,  as  at  Matlock,  from  which  a  considerable 
quantity  of  this  ore  is  obtained. 

•  TuNNER,  Ldoben.  Jahrb.  1852,  p.  43.    Bgwkfd.  xvii.,  629,     B.  u.  h.  Ztg., 
1847,  P-  489  ;  1855,  p.  83.    Berggeist,  1858,  p.  98. 
+  B.  u.  h.  Ztg.,  1855,  p.  83. 

I  B.  u.  h.  Ztg.,  1861,  pp.  199,  221. 

II  B.  u.  h.  Ztg.,  185 1,  No.  I. 

§  Leoben.  Jahrb.,  185^,  vii.,  239,  250,  256. 

If  Percy,  Metallurgy  1.,  569. 

••  Karst.  Archiv.,  2  R.,  xxv.,  190. 

ft  Dr.  Ure,  Di^onaiy  of  Arts,  &c.,  vol.  iii.,  1122. 
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Lead  and  zinc  ores  are  searched  for  in  almost  every  part 
of  England  where  metalliferous  limestone  appears  ;  the 
neighbourhood  of  Alston-Moor,  in  Cumberland,  of  Castleton 
and  Matlock,  in  Derbyshire,  and  the  small  metalliferous  belt 
of  Flintshire,  are  remarkable  for  their  mineral  riches.  On 
the  north  of  Flintshire,  calamine  is  found  in  a  rich  mine  of 
galena  at  Holywell,  where  it  presents  the  singular  appear- 
ance of  occurring  only  in  the  ramifications  of  lead  veins  from 
east  to  west,  and  never  in  those  from  north  to  south ;  while 
the  blende,  which  is  abundant  in  this  mine,  is  found  indif- 
ferently in  all  direftions. 

The  second  locality  of  calamine  is  the  magnesian  limestone 
formation  of  the  English  geologists  (the  Alpine  limestone  of 
the  French,  and  the  zechstein  of  the  Germans).  The  cala- 
mine is  disseminated  through  it  in  small  contemporaneous 
veins,  which  run  in  all  direftions,  like  network.  These 
veins  are  usually  only  a  few  inches  thick,  but  In  certain  cases 
they  extend  to  4  feet,  in  consequence  of  the  union  of  several 
small  ones  into  a  single  mass ;  calamine  was  formerly  sought 
for  in  the  magnesian  limestone  situated  chiefly  on  the  flanks 
of  the  Mendip  Hills,  a  chain  running  from  north-west  to 
south-east,  from  the  Bristol  channel  to  Frome.  Calamine 
was  chiefly  worked  in  the  neighbourhood  of  Phipham  and 
Roborough,  also  near  Rickford  and  Broadfield-Doron,  by 
means  of  a  number  of  small  shafts.  The  miners  paid 
the  Lords  of  the  Treasury  a  tax  of  £1  per  annum  for  the 
privilege  of  working,  and  they  mixed  the  ores  with  a  con- 
siderable quantity  of  carbonate  of  lime,  washing  them  slightly 
in  a  sieve,  and  sold  them  at  Phipham.  Very  little  is  worked 
in  this  distridl  at  present.  Calamine  is  now  largely  imported 
into  this  country  from  Spain,  and  the  United  States  of 
America. 

SYNOPSIS    OP    PROCESSES    POR    THE    EXTRACTION    OP 
ZINC    PROM    ITS    ORES. 

The  different  methods  of  extracting  zinc  from  the  ores 
are  based  upon  certain  preliminary  operations  of  calcining 
and  roasting,  thus  forming  oxide  of  zinc,  which  may  then 
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be  reduced.  As  the  redudlion  of  the  oxide  of  zinc  takes 
place  only  at  a  temperature  of  about  1,300**  C,  while  zinc 
volatilises  at  1,200°  C,  its  extraftion  in  a  liquid  state  is  only 
possible  by  a  process  of  distillation,  and  condensing  the  zinc 
vapours.  The  condensation  must  be  effedled  at  800**  C,  or 
lower,  in  order  to  avoid  the  escape  of  zinc  vapour  with 
the  gases  which  are  formed  by  the  reduction.  These  gases, 
carbonic  oxide,  and  carbonic  acid,  are  always  associated 
with  zinc  vapour,  and  they,  as  well  as  the  steam  and  atmo- 
spheric air  present,  partially  oxidise  the  zinc,  unless  they  are 
cooled  below  a  certain  temperature.  In  order  to  prevent  the 
oxidation  of  the  zinc  vapour  as  far  as  possible,  the  ores  to 
be  treated  must  be  previously  freed  from  carbonic  acid  and 
water  by  calcination,  and  after  its  formation  the  zinc  vapour 
must  be  conduced  as  quickly  as  possible  into  strongly  cooled 
condensers,  which  should  not  be  too  spacious,  or  the  air 
contained  in  them  will  oxidise  much  zinc.  If  the  zinc 
vapour,  for  the  purpose  of  excluding  atmospheric  air,  were 
conducted  into  condensers  sealed  by  water,  like  the  gas- 
holders of  coal  gas,  it  would  permeate  the  distilling  vessels 
owing  to  its  pressure,  and  the  reduftion  would  be  impeded. 

As  carbonic  acid  is  invariably  formed  in  the  reduftion  of 
the  oxide  of  zinc  by  means  of  coal,  and  as  the  condensers 
always  contain  atmospheric  air,  the  formation  of  a  small 
quantity  of  oxide  of  zinc  cannot  be  avoided. 

According  to  MuUer,*  the  amount  of  oxide  of  zinc  formed 
by  carbonic  acid  depends  chiefly  on  the  temperature  at  which 
the  redudlion  is  condudled.     MttUer  states : — 

1.  That  carbonic  acid  is  transformed  into  carbonic  oxide 
at  a  lower  temperature  than  is  required  for  condensing  the 
zinc  gases ; 

2.  That  zinc  distils  at  an  incipient  white  heat ; 

3.  That  carbonic  oxide  gas  reduces  oxide  of  zinc  at  a  tem- 
perature slightly  higher  than  that  at  which  the  distillation 
of  the  zinc  commences,  forming  zinc  vapour  and  carbonic 
acid.  The  carbonic  acid  has  an  oxidising  adlion  upon  the 
zinc  as  soon  as  the  carbonic  oxide  gas  ceases  to  reduce  it, 

•  A.  MuLLER,  Metallurgie  du  Zinc,  Paris,  1862,  p.  6.  B.  u.  h.  Ztg.,  1862, 
P-  324- 
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if  the  zinc  vapour  is  not  quickly  conducted  into  a  very  cool 
condenser. 

4.  That  coal  will  only  reduce  oxide  of  zinc  at  a  much 
higher  temperature  than  carbonic  oxide  gas. 

From  these  fadts  regarding  the  formation  of  oxide  of  zinc, 
the  following  conclusions  may  be  drawn  : — 

a.  If  zinc  vapour,  coal,  and  carbonic  acid  come  into  con- 
tadt  at  a  moderate  temperature,  the  carbonic  acid  will  oxidise 
the  zinc  and  coal. 

b.  If  the  temperature  be  lower  than  that  required  for  re- 
ducing oxide  of  zinc  by  coal,  oxide  of  zinc  will  be  formed, 
thus : — 

Zn  +  C  +  COa  =  ZnO  +  C  +  CO. 

c.  If  the  temperature  is  sufficiently  high  to  allow  the  re- 
duction of  oxide  of  zinc  by  means  of  coal^or  even  higher,  the 
zinc  will  be  only  slightly  oxidised,  and  carbonic  oxide  gas  be 
chiefly  formed : — 

Zn  +  C  +  COa  =  Zn  +  2CO. 

d.  If  water  be  present  the  result  of  the  reaction  will  be 
Zn  +  HO  +  C,  at  a  lower  temperature  ZnO  +  C  +  H,  and 
at  a  higher  temperature,  Zn  +  CO  +  H. 

The  experiments  of  Percy,*  Berthier,  and  others  have 
proved  that  metallic  zinc  may  be  extra<5led  diredtly  from  zinc 
blende  by  heating  the  zinc  blende,  with  other  metalst  and 
metallic  oxides,  with  coal,  lime,  alkalies,  &c.,  but  mostly  with 
those  requiring  very  high  temperatures ;  the  distilling  vessels 
are  much  wasted,  and  the  produftion  is  proportionally 
small,  while  the  expense  is  increased  by  the  reagents  em- 
ployed. 

AH  the  modes  of  extradting  zinc  are  based  upon  these 
chemical  principles,  and  only  differ  in  the  form  of  the  distil- 
ling vessels,  which  depends  on  circumstances,  chiefly  the  price 
of  clay,  and  fuel ;  the  following  objedlions  are  common  to 
the  different  modes : — ^The  formation  of  oxide  of  zinc,  the 
loss  of  zinc  by  volatilisation,  the  imperfeft  use  of  the  fuel, 
the  necessity  for  expensive  distilling  vessels,  the  interruption 
of  the  process,  the  waste  of  fuel  and  time,  &c. 

•  Percy,  Metallurgy,  1861,  i.,  541. 

f  B.  u.  h.  Ztg.,  1861,  p.  292.     Polyt.  Centr.,  1861,  No.  21. 
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Different  experiments  in  the  employment  of  cupola  furnaces 
have  been  tried  in  order  to  obviate  these  disadvantages,  but 
the  results  were  unsatisfaftory,  as  the  noxious  influence  of  the 
carbonic  acid,  formed  by  the  redu^on  of  the  oxide  of  jrinc, 
upon  the  zinc  vapour  cannot  be  avoided,  in  consequence 
of  which  more  oxide  of  zinc  is  usually  produced  than  metallic 
zinc. 

These  experiments  have  therefore  at  present  been  confined 
to  improvements  in  the  distilling  process  by  construflions 
aiming  at  a  saving  of  fuel,  and  at  a  more  perfedl  extra(5tion 
of  the  zinc  ;  in  many  places  they  have  been  attended  with 
success. 

An  improvement*  in  the  distillation  process  has  lately  been 
tried  by  separating  the  process  into  two  divisions, — ^first,  the 
production  of  oxide  of  zinc,  and  then  its  reduAion  in  the 
usual  manner. 

As  carried  on  at  the  present  time,  the  process  is  expen- 
sive, and  requires  ores  containing  a  certain  amount  of  zinc, 
in  order  to  be  profitable.  As  that  amount  can  seldom  be 
raised  high  enough  by  dressing  the  ores,  &c.,  to  allow  a  large 
produdlion  in  a  proportionately  short  time,  the  cost  of  labour, 
fuel,  and  clay  vessels  is  very  high.  At  Upper  Silesia,  for 
instance,  it  amounts  to  15s.  per  day  per  furnace,  whether 
the  furnace  produces  i  cwt.  of  zinc  or  more.  The  poorest 
j  ores  are  therefore  treated  in  a  blast  cupola  furnace  without 

I  being  dressed,  producing  a  rich  intermediate  produdl  by  con- 

densing the  volatilised  zinc,  either  as  such  or  as  oxide ;  this 
may  then  be  worked  up  more  carefully,  thus*  causing  less 
expense  and  loss  of  metal.  The  following  approximate  cal- 
culation is  in  favour  of  the  preceding  method : — 

The  calamine  treated  in  the  smelting  works  of  Upper 
Silesia,  contains  15  per  cent  of  zinc  on  an  average,  and 
causes  in  its  extra<5lion  a  loss  of  7  per  cent ;  i  furnace  is 
daily  charged  with  15  cwts.,  and  therefore  180  furnaces 
would  treat  135  tons  of  calamine.  If  this  quantity  were 
treated  in  a  cupola  furnace  for  the  production  of  27  tons  of 
rich  intermediate  produft,  costing  £15,  its  reduction  would 

•  Schles.  Wochcnschr,  i860,  No.  17.    B.  u.  h.  Ztg.,  1861,  p.  352. 
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only  require  36  furnaces,  thus  saving  144  furnaces,  or  144 
times  15s.,  daily ;  the  cost  of  dressing  the  ores  would  also  be 
saved,  and  the  poorest  ores,  which  are  excluded  in  the  usual 
treatment,  could  be  used. 

Duclos  de  Bussois*  formerly  recommended  this  method. 

The  residues  of  washing  calamine  have  been  treated  in 
the  wet  way  for  the  production  of  oxide  and  chloride  of 
zinct 

The  methods  of  extrafting  zinc  now  in  general  use,  com- 
prise the  following  manipulations : — 

I.  PREPARATION   OP  THE  ORES. 

a.  Calcining  the  calamine,  and  roasting  the  zinc  blende. 

b.  Pounding  the  ores. 

c.  Mixing  the  same. 

II.  DISTILLATION  OF  THE  ZINC. 

a.  Belgian  methods  of  distilling  in  slightly  inclined  retorts. 

b.  Silesian  method  of  distilling  in  mufiles. 

c.  English  method  of  distilling  in  crucibles. 

d.  Carinthian  method  of  distilling  in  vertical  retorts. 

III.  FURTHER  TREATMENT  OF  THE  PRODUCTS. 

a.  Re-melting  and  refining  the  raw  zinc. 
6.  Reduction  of  the  zinc  dust. 

c.  Treatment  of  the  residues  and  deposits  in  the  distilling 
vessels. 

I.   PREPARATION   OP  ZINC  ORES. 

a.  Calcining  and   Roasting  Zinc   Ores. 

The  calamine  is  calcined  for  the  purpose  of  rendering 
the  ore  less  compadt,  so  that  the  reduction  of  the  oxide 
of  zinc  by  means  of  carbonic  oxide  gas  takes  place  more 
easily ;  and  also  to  expel  water  and  carbonic  acid,  which,  if 
present  in  the  distillation  of  zinc,  would  oxidise  the  metal, 
render  some  heat  latent,  and  carry  away  particles  of  ore. 
'  The  loss  by  calcination  usually  amounts  to  25  or  30  per  cent, 
and  in  some  cases  to  50  per  cent. 

•  Bgwkid.,  vi.,  377. 

t  B.  u.  h.  Ztg.,  1862,  p.  305. 
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The  following  are  the  methods  of  calcination  now  in 
use : — 

Calcination  in  Cupola  Furnaces,  is  chiefly  used  for  ore 
in  large  pieces,  and  may  be  efifefted  by  charging  the  cala- 
mine intermixed  with  layers  of  fuel.  In  this  manner  the 
fuel  is  most  economised,  but  if  the  temperature  rises  too 
high,  a  reduction  and  volatilisation  of  zinc  will  take  place, 
and  the  ore  becomes  somewhat  contaminated  by  the  ash  of 
the  fuel. 

This  method  is  most  frequently  employed,  as  it  permits 
of  a  large  produdtion ;  thus,  at  Altenberg,  in  24  hours,  one 
furnace  roasts  25  tons  of  raw  calamine,  causing  a  loss  of 
about  27  per  cent. 

Besides  these  furnaces  in  the  form  of  ordinary  kilns,  some 
are  used  having  one  or  more  fire-grates,  and  which  are  heated 
by  the  flame  produced  on  the  fire-grates.  Such  a  furnace 
with  one  fire-grate  is  frequently  used  in  Southern  Spain  ;  it 

Fig.  107. 
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is  represented  by  Figs.  107  and  108.  a,  is  the  grate ;  b,  the 
inclined  plane  for  the  ore  to  glide  down  on ;  c,  opening  for 
removing  the  ore ;  d,  the  opening  for  charging  the  ore  ;  ^ , 
the  opening  for  letting  the  gas  escape.  This  furnace  yields 
from  5  to  8  tons  of  calcined  calamine  in  24  hours,  whilst 
a  furnace  with  two  fire-places  yields  as  much  as  10  tons, 
consuming  8  or  9  per  cent  of  coal ;  the  ore  loses  33  per  cent 
of  its  weight.  The  furnace  is  attended  to  by  six  workmen. 
Though  not  possessing  all  the  disadvantages  of  the  former 
mode  of  calcining,  this  method  is  more  apt  to  yield  a  less  uni- 
formly calcined  produdt. 

Calcination  in  Reverberatory  Furnaces  only  permits 
a  smaller  produ(5tion  than  that  of  the  cupola  furnaces,  and 
is  chiefly  employed  for  small  ore ;  larger  pieces  of  ore  are 
difiicult  to  turn,  and  do  not  calcine  uniformly  throughout. 

The  reverberatory  furnaces  in  use  are  either  heated  by 
diredl  fuel  or  by  the  gases  of  the  distilling  furnaces. 

Furnaces  with  diredl  firing  and  furnished  with  two  hearths 
are  used  at  Moresnet  and  at  Welkenrath,  near  Aix-la-Cha- 
pelle ;  on  an  average,  one  of  these  furnaces  calcines  8  tons 
of  calamine  in  24  hours,  consuming  about  27  cubic  feet  of 
coal. 

Furnaces  heated  by  the  gases  of  the  distilling  furnaces 
effect  a  considerable  saving  of  fuel,  but  in  some  cases  they 
influence  the  draught  and  the  temperature  of  the  distilling 
furnace,  and  are  apt  to  cool  the  distilling  vessels  lying  next 
to  the  calcining  furnace ;  freshly  charged  calamine,  which 
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is  sometimes  wet,  will  cool  the  distilling  vessels,  being  sepa- 
rated from  them  only  by  a  small  partition  wall,  and  so  in- 
jure their  yield ;  newer  furnaces  for  calcining  are,  therefore, 
eredled  at  a  sufficient  distance  from  the  distilling  furnace  to 
make  a  cooling  influence  impossible. 

In  Belgium  two  calcining  furnaces  are  laid  side  by  side 
above  the  uppermost  tier  of  retorts ;  one  of  these  furnaces 
calcines  2  tons  in  24  hours. 

At  Moriston,  near  Swansea,  four  distilling  furnaces  are 
always  built  one  beside  another,  in  order  to  render  the  escap- 
ing flame  more  effedlual  for  calcining  purposes. 

The  Roasting  of  Zinc  Blende  aims  at  the  transformation 
of  the  sulphide  into  oxide  of  zinc ;  this  is  not  eflfefted  with- 
out difficulty,  as  the  sulphate  of  zinc  which  is  formed  at  the 
same  time  only  becomes  decomposed  at  a  strong  red  heat, 
forming  oxide  of  zinc,  sulphurous  acid,  and  oxygen,  besides 
a  little  sulphuric  acid ;  and  as  the  compa<5lness  of  the 
blende  prevents  its  being  permeated  by  oxygen,  a  core  of 
raw  blende  always  remains  in  the  larger  pieces. 

Though  some  sorts  of  blende  if  once  kindled  continue  to 
roast,  they  still  yield,  when  roasted  in  cupola  furnaces  and 
in  larger  pieces,  a  produdt  too  rich  in  sulphur,  for  the  reason 
before  stated.  Cupola  furnaces  are  not,  therefore,  used  for 
roasting  blende,  but  sometimes,  as  in  Corphalie,*  for  render- 
ing the  blende  so  friable,  that  it  may  be  easily  reduced  to 
powder. 

Blende  can  only  be  well  roasted  if  reduced  to  a  uniform 
powder,  the  average  size  of  the  grains  being  2  lines.  The 
roasting  must  be  effefted  in  reverberatory  furnaces,  and 
must  be  long  continued.  If  the  escaping  sulphurous  acid 
is  to  be  used  for  the  sulphurisation  of  copper  ores,  or  for  the 
produdtion  of  sulphuric  acid,  the  roasting  is  performed  in  a 
sort  of  mufifle  furnace ;  some  kinds  of  blende  decrepitate 
when  heated,  and  thus  facilitate  the  roasting ;  but  even  in 
well-roasted  blende  which  has  seldom  lost  more  than  15  or 
16  per  cent  by  roasting,  i  or  1^  per  cent  of  sulphur  is  usually 
left,  chiefly  as  sulphate ;   this  can  only  be  expelled  at  a 

*  Ann.  d.  min.,  J  Hvr.  de  1844,  pp.  202,  269.    Bgwkfd.  x.,  270,  282. 
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very  high  temperature,  causing  a  great  consumption  of  fuel, 
and  it  cannot  be  lixiviated  by  water  owing  to  its  basic  nature. 
The  lower  the  temperature  of  roasting  the  more  sulphate  will 
be  formed. 

The  roasting  of  blende  is  much  more  expensive  than  the 
calcining  of  calamine.  At  the  smelting  works  at  Borbeck 
and  Oberhausen  the  consumption  of  coal,  per  100  lbs.  of  zinc 
produced  from  blende,  amounts  to  128  lbs.  merely  for  roasting 
the  latter,  and  only  to  13  or  15  lbs.  of  coal  for  calcining 
a  quantity  of  calamine  sufficient  for  the  production  of  100 
lbs.  of  zinc.  100  lbs.  of  roasted  blende,  yielding  36  per 
cent  of  zinc,  consume  45  lbs.  of  coal,  costing  about  7d.,  in* 
eluding  i'4d.  for  pulverising  the  blende. 

Calamine  and  blende  are  of  the  same  value  for  the  purpose 
of  extrafting  their  zinc,  if  the  price  of  blende  is  as  much 
lower  than  that  of  calamine,  as  the  roasting  of  blende  is  more 
expensive  than  the  calcining  of  calamine.  In  order  to  com- 
pare the  metal  which  both  ores  yield,  the  zinc,  which  is 
retained  by  the  sulphur  {i.e.,  one  equivalent  of  zinc  for  every 
equivalent  of  sulphur)  must  be  dedufted  from  the  zinc  con- 
tained in  blende ;  foreign  impurities  may  also  have  a  con- 
siderable influence  upon  the  value  of  blende,  so  much  so, 
indeed,  that  a  poor  blende  is  sometimes  more  valuable  than 
a  rich  one. 

Foreign  impurities  are  more  frequently  contained  in  blende 
than  in  calamine ;  they  not  only  alloy  the  zinc,  as,  for  instance, 
cadmium,  antimony,  arsenic,  lead,  copper,  &c.,  and  cause  a 
rapid  waste  of  the  distilling  vessels,  but  they  also  injure  and 
modify  the  roasting  process. 

Sulphides  of  lead,  antimony,  and  copper  are  apt  to  cause  a 
caking  of  the  roasting  mass ;  on  this  account  they  necessitate 
a  low  temperature  from  the  beginning,  and  thus  cause  the 
formation  of  much  sulphate. 

Iron  pyrites,  though  of  use  in  the  roasting  process,  also 
facilitates  the  formation  of  sulphate  of  zinc,  and,  if  silica  be 
present,  gives  rise  to  the  formation  of  easily  fusible  silicates  of 
iron.  The  oxide  of  iron  formed,  as  well  as  the  undecomposed 
sulphide  of  iron,  then  attack  the  distilling  vessels.  Black 
ferruginous  blende  behaves  in  the  same  manner.    The  dis- 
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tilling  muffles  at  Steinfurt,*  near  Stolberg,  have  been  glazed 
in  order  to  prevent  the  corrosive  adlion  of  the  silicates  of 
iron. 

Quartzose  blende  must  be  roasted  throughout  the  process 
at  rather  a  high  temperature,  in  order  to  prevent  the  form- 
ation of  much  sulphate  of  zinc ;  therefore  the  temperature 
need  not  be  raised  at  the  end  of  the  process,  or  it  would 
otherwise  cause  a  scorification  of  foreign  oxides.  Oxide  of 
zinc  forms  with  silica  a  silicate  which  also  cakes  only  at 
white  heat,t  and  which  gelatinises  when  treated  with  acids. 

Roasted  blende  containing  oxide  of  iron  is  veiy  difficult  to 
dissolve  in  acids,  but  according  to  Ramdohr,  it  becomes  easily 
soluble  by  adding  a  piece  of  zinc  or  iron,  thus  reducing  the 
almost  insoluble  peroxide  into  protoxide. 

Calcareous  and  aluminous  blendes  must  be  submitted  to  a 
high  temperature  from  the  beginning  of  the  process,  as  they 
are  apt  to  retain  sulphuric  acid  which  has  been  formed  by  the 
roasting. 

When  roasting  argentiferous  blende  the  loss  of  silver  in- 
creases pari  passu  with  the  increase  of  the  temperature*  Ac- 
cording to  Malaguti,  Durocher,  and  Plattner  this  loss  may 
amount  to  70  per  cent,  and  it  is  most  considerable  towards 
the  end  of  the  process,  after  much  sulphate  of  zinc  has  been 
formed.  These  ores  are  therefore  carefully  roasted  in  a 
very  finely  divided  state  in  common  reverberatory  furnaces 
provided  with  condensation  chambers,  as  at  Swansea,  or  at 
Przibram  in  muffle  furnaces,  where  the  escaping  sulphurous 
acid  is  used  for  the  produdtion  of  sulphuric  acid.  According 
to  Malaguti  and  Durocher,  t  zinc  resulting  from  distilling 
argentiferous  roasted  blende  contains  only  traces  of  silver, 
which  deposits  on  the  sides  of  the  retort,  &c.,  in  the  form  of 
small  globules. 

As  before  mentioned,  the  roasting  process  is  chiefly 
performed  in  reverberatory  furnaces,  with  two  hearths, 
one  lying  above  the  other;  furnaces  with  one  hearth  are 
seldom  used. 

•  B.  u.  h.  Ztg.,  i860,  p.  92. 

f.  Percy,  Metallurgy,  1861,  i.,  p.  536. 

J  B.  u.  h.  Ztg.,  1851,  No.  I. 
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In  order  to  have  a  perfeft  control  over  the  process,  it  is 
preferable  to  use  diredl  firing  instead  of  the  gases  escaping 
from  the  distilling  vessels. 

The  furnaces  with  two  hearths  allow  the  most  perfeft 
roasting,  as  the  ores  are  first  exposed  on  the  upper  hearth  to 
a  gradually  rising  temperature,  and  when  prepared  are  re- 
moved to  the  lower  hearth  for  complete  desulphurisation, 
after  which  they  are  able  to  stand  the  higher  temperature 
without  caking. 

At  Borbeck*  from  i8  to  2o  cwts.  are  roasted  in  these  double 
furnaces,  first  on  the  upper  hearth  for  I2  hours,  and  after- 
wards for  the  same  time  on  the  lower  hearth,  the  mass  being 
stirred  with  a  rake  every  20  minutes.  The  loss  amounts  to 
16  per  cent,  and  five  tons  of  roasted  ore  consume  about  70 
cubic* feet  of  coal. 

At  Llansamlet,t  near  Swansea,  argentiferous  blende  is 
roasted  after  being  ground  and  passed  through  a  sieve  with 
225  holes  to  the  square  inch.  The  furnaces  are  double  fur- 
naces, the  upper  hearth  being  15  feet  long,  9  feet  broad,  and 
lying  5  feet  above  the  lower  hearth,  which  is  9  feet  broad 
and  12  feet  long ;  the  fire-bridge  is  2  feet  4  inches  high.  The 
middle  of  the  arched  roof  is  3  feet  4  inches  above  the  lower 
hearth  and  i  foot  at  the  end,  and  is  provided  with  two  open- 
ings, each  6  inches  square,  and  with  two  funnels  on  the  top, 
each  capable  of  containing  half  a  ton  of  blende.  A  charge 
of  I  ton  is  roasted  on  the  upper  hearth  for  11  hours,  the  roast- 
ing mass  being  stirred  eveiy  ten  minutes ;  and  afterwards  for 
the  same  length  of  time  on  the  lower  hearth,  until  no  more 
sulphurous  acid  escapes. 

The  veiy  carefully  roasted  ore  is  then  desilverised,  and 
only  the  residue  used  for  the  extraction  of  2inc.  The  raw 
blende  containing  37  per  cent  of  zinc  yields  a  roasting  mass 
containing  43*4  per  cent,  wherefore  the  loss  of  zinc  amounts 
to  2  per  cent,  i  per  cent  of  which  is  regained  from  the  con- 
densed smoke. 

Furnaces  with  a  hearth  in  the  form  of  terraces,  are  used 

•  B.  u.  h.  Ztg.,  1859,  p.  435  t  i860,  p.  99. 
f  Pbrcy,  Metallurgy!  i.f  567. 
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at  Moriston,  near  Swansea ;  this  apparatus  *  consists  of  a 
reverberatory  furnace,  about  36  feet  long  and  9  feet  wide,  pro- 
vided with  a  fire-place  of  the  usual  construftion.  The  sole 
or  hearth  of  this  apparatus  is  divided  into  three  distindl 
beds,  the  one  nearest  the  fire-bridge  is  four  inches  lower 
than  its  neighbour,  which  again  is  four  inches  lower  than 
that  nearest  the  chimney.  In  addition  to  the  heat  derived 
from  the  fire-place  the  gases  escaping  from  the  reducing 
furnaces  are  usually  introduced  before  the  bridge. 

When  the  furnace  has  been  sufficiently  heated  a  charge  of 
12  cwts.  of  raw  blende  is  introduced  into  the  division  nearest 
the  chimney,  spread  equally  over  the  bottom,  and  carefully 
stirred  from  time  to  time  by  an  iron  rake.  After  about  eight 
hours,  this  charge  is  worked  on  to  the  floor  of  the  compart- 
ment forming  the  middle  of  the  furnace,  and  a  new  charge 
is  introduced  into  the  division  next  the  chimney.  About 
,  eight  hours  after  this  charging,  the  ore  on  the  middle  bed  is 
worked  on  to  the  first,  whilst  that  on  the  hearth  next  the 
chimney  is  spread  equally  on  the  middle  one,  and  a  new 
charge  introduced  into  the  division  next  the  stack.  After 
another  eight  hours  the  charge  on  the  first  hearth  is  drawn, 
the  ore  on  the  middle  and  third  hearths  moved  forward, 
and  a  fourth  charge  introduced  as  before.  Thus  the  opera- 
tion is  continuous,  and  each  furnace  will  e£fe(5l  the  calcina- 
tion of  about  I J  tons  of  ordinary  blende  in  the  course  of  24 
hours. 

Although  the  roasting  of  blende  in  muffle  furnaces  causes 
a  gfreater  consumption  of  fuel,  it  is  done  for  the  purpose  of 
utilising  the  escaping  sulphurous  acid,  care  having  been  taken 
that  it  does  not  come  in  contadl  with  the  gases  of  the  firing. 
As  blende  is  difficult  to  oxidise,  on  account  of  its  compaft- 
ness,  the  roasting  is  sometimes  effedted  by  means  of  blast  or 
hot  airt  (Crockford's  method).  As  the  sulphate  of  zinc 
does  not  become  perfectly  decomposed  in  muffle  furnaces, 
owing  to  the  want  of  a  sufficiently  high  temperature,  the 
resulting  mass  is  either  roasted  again  in  a  reverberatory 

*  Dr.  Urb'8  Diaionary  of  Arts,  vol.  p.  1123. 
f  B.  u.  h.  Ztg.,  1859,  p.  176. 
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furnace  at  a  higher  temperature,  or  a  muffle  furnace  is 
combined  with  a  reverberatory  furnace  in  such  a  manner 
that,  after  having  heated  the  muffle,  the  gases  of  the  firing 
pass  to  a  hearth  lying  above  it,  and  thence  into  the  chimney. 
The  blende  is  next  roasted  in  the  muffle  to  extradl  the  sul- 
phurous acid,  but  its  roasting  is  completed  on  the  hearth. 
When  roasting  argentiferous  blende  in  order  to  form  sul- 
phate, the  silver  will  be  extradled  by  a  roasting  in  a  muffle 
furnace ;  sometimes,  as  in  Przibram,  two  muffles  are  con- 
strudled  one  above  the  other,  in  order  to  utilise  the  heat 
escaping  from  the  lower  muffle. 

At  Przibram,  argentiferous  blende  is  roasted  in  double- 
muffle  furnaces,  the  escaping  sulphurous  acid  being  used  for 
the  production  of  sulphuric  acid  in  leaden  chambers,  and 
the  sulphates  formed  for  the  extraftion  of  silver.  The  fur- 
naces employed  are  represented  by  Figs.  109,  no,  in,  112, 
and  113.    a  is  the  upper,   and  b  the  lower  hearth.      The 

Fig.  109. 
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sole  of  the  upper  hearth  consists  of  9  cast-iron  plates,  which 
overlap  each  other  by  1  inch ;  the  lower  hearth  is  formed  of 
refradtory  bricks.  The  back  part  of  the  lower  mufiBe  forms 
a  projedtion  (c)  to  protedt  the  hearth  sole  from  the  roasting 
mass  when  it  is  thrown  down  from  the  upper  hearth  by 
means  of  the  channel  (/).  Both  hearths  are  supported  by 
bricks  at  d.  The  soles  of  the  upper  as  well  as  the  lower 
hearth  are  connected  with  the  fore-hearth  plates  {c)y  both 
having  openings  for  the  respeftive  channels  (/  and  g),  into 
which  the  case  (A)  for  the  working  door  is  fitted.  The  work- 
ing doors  {%)  of  both  hearths  can  be  closed  by  a  lid.  The  raw 
ore  is  charged  by  the  channel  k  upon  the  upper  hearth, 
and  then  drawn  by  the  channel  /  on  to  the  lower  hearth. 

Fig.  no. 


'■••■■ 


Digitized  by  VjOOQIC 


calcining  zinc  ores. 
Fig.  112. 


419 


Fig.  113. 


2  E  2 


Digitized  by  VjOOQ IC 


420  ZINC. 

from  which  it  is  made,  after  roasting,  to  fall  upon  the  floor  of 
the  smelting  house  by  the  channel  g.  The  channel  /  serves 
for  conducting  moisture  and  any  sulphurous  acid  which  may 
have  been  formed  on  the  upper  hearth,  and  the  channel  m 
for  condudling  the  gases  produced  by  the  roasting  on  the 
lower  hearth,  both  communicating  with  the  channel  (»),  and 
condudled  by  means  of  it  either  into  the  leaden  chambers  or 
into  the  open  air.  Both  channels  (/  and  m)  are  provided 
with  sliding  doors  (o)  for  regulating  the  draught.  The  firing 
of  the  lower  hearth  is  efFedled  by  the  fire-place  (p),  which  is 
provided  with  4  grates  (9),  and  may  be  closed  by  the  doors  (r). 
The  grates  rest  on  iron  supports  (s).  Channels  (u)  provided 
with  doors,  partly  for  regulating  the  admission  of  air,  and  partly 
for  allowing  the  removal  of  ash,  lead  into  the  ash-pits  {t,t). 

The  upper  hearth  is  heated  by  the  gases  formed  on  the 
lower  grates,  and  the  gases  are  made  to  pass  between  the 
two  partition-walls  (v  and  v),  partly  to  prevent  their  escaping 
too  quickly,  and  partly  to  concentrate  the  heat;  they  then 
pass  into  the  channel  (te'),  from  thence  beneath  the  sole  of 
the  upper  hearth,  and  escape  by  x  into  the  chimney  which 
is  standing  at  the  side,  z,  z  are  doors  allowing  the  removal 
of  flue-dust;  charges  of  6  or  7  cwts.  are  roasted  in  eight  hours, 

b.  Dividing  the  Calcined  or  Roasted  Ores. 

The  calcined  calamine,  before  undergoing  fine  division,  is 
often  sorted  by  hand,  in  order  to  separate  the  ferruginous 
calamine  from  the  purer  kinds,  and  to  remove  the  siliceous 
calamine  which  has  been  little  modified  by  the  fire. 

The  Silesian  method  of  distilling  requires  ore  of  coarser 
grain  than  the  Belgian  process.  Edge  mills  are  chiefly  used 
for  crushing  the  calamine,  as'  they  are  very  effeftive,  and 
require  few  repairs.  Such  a  mill  (at  Moresnet,  for  instance), 
having  2  edge  runners,  i-6  metres  in.  diameter,  and  0*35 
metre  broad,  and  weighing  3  tons  4  cwts.,  turns  out  from 
15  to  18  tons  of  powdered  calamine  in  the  course  of  12 
hours. 

At  Angleur,  the  produftion  is  increased  by  coupling  two 
mills  together.  The  upper  mill  is  like  a  common  coff'ee 
mill ;  a  truncated  and  fluted  cone  of  cast-iron,  i  J  feet  in 
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diameter  in  the  middle,  is  moved  in  a  vertical  diredtion  in  a 
suitably  formed  vessel ;  the  ore  ground  in  it  falls  upon  a 
common  edge  mill,  by  means  of  a  sifting  hopper;  this 
machinery  requires  about  lo  or  12  horse  power,  and  crushes 
from  40  to  50  tons  of  calamine  in  12  hours. 

As  the  roasted  blende  is  powdered,  either  by  rollers  or 
by  edge  mills,  previous  to  its  roasting,  it  requires  no  further 
pulverising. 

c.   Mixing  the  Zinc  Ores. 

Strongly  basic  zinc  ores,  containing  much  peroxide  of 
iron  and  lime,  must  be  mixed  with  siliceous  and  aluminous 
ores,  partly  to  obtain  a  moderate  amount  of  metal  if  the 
ores  differ  in  richness,  but  chiefly  to  preserve  the  distilling 
vessels.  Such  ores,  rich  in  oxide  of  iron,  combine  with 
the  silica  of  the  distilling  vessels,  thus  forming  holes  and 
causing  loss  of  zinc.  The  presence  of  lead  in  the  ores  is 
most  injurious  to  the  distilling  vessels.  The  vessels  suffer 
more  from  basic  ores  in  the  Silesian  process  than  in  the 
Belgian  process,  which  takes  less  time. 

In  order  to  reduce  the  oxide  of  zinc,  the  ore  is  mixed  with 
45  or  46  per  cent  of  non-caking  coal,  free  from  sulphur  and 
slate,  and  some  small  coke ;  fuel  and  ore  in  equal  weights 
are  seldom  employed.  Either  material  employed  separately 
does  not  yield  so  much  zinc  as  a  mixture  of  the  two  in  equal 
parts.  Coal  has  a  stronger  reducing  a(5tion  than  coke  alone, 
probably  because  the  gases  formed  at  the  beginning  per- 
meate the  ore,  and  deposit  finely  divided  carbon ;  but  the 
aqueous  vapour  formed  at  the  same  time,  seems  to  assist  the 
formation  of  zinc  powder,  which  will  be  explained  presently. 
The  quantity  of  steam  is  lessened  by  a  partial  substitution 
of  coal  by  coke ;  and  the  surplus  of  coal  also  renders  the 
ore  less  compadl.  In  some  zinc  works  an  addition  of  com- 
mon salt  is  given,  in  order  to  expel  the  zinc  more  com- 
pletely at  a  low  temperature,  and  at  the  same  time  to  glaze 
the  vessels.  Though  siliceous  calamine  may  be  decomposed 
at  a  very  high  temperature  by  means  of  coal  alone,*  the 
extraction  of  zinc  must  be  assisted  by  an  addition  of  from 

•  Percy,  Metallurgy,  i.,  537,  596. 
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15  to  25  per  cent  of  calcareous  ores  or  lime ;  according  to 
Schoonbroodt/  this  must  also  be  done  when  distilling  at  a 
low  temperature. 

Zinciferous  furnace  deposits  require  more  coal  than 
calamine. 

As  the  redudlion  of  oxide  of  zinc  is  chiefly  effecJled  by 
carbonic  oxide  gas,  an  intimate  mixing  of  the  coal  with  the 
ore  is  not  required,  and  it  is  better  to  employ  the  coal  in 
pieces  the  size  of  nuts  than  in  a  powdered  form,  in  order  to 
facilitate  the  permeation  of  carbonic  oxide  gas. 

In  the  Belgian  process  the  ore  is  used  in  a  finely  divided 
state,  in  order  to  get  as  much  as  possible  of  it  into  the 
retorts,  into  which  it  is  firmly  pressed,  after  having  been 
moistened  to  avoid  dust.  The  ore  treated  by  the  Silesian 
process,  on  the  contrary,  is  best  used  in  pieces  the  size  of 
a  nut,  as  when  the  dry  mixture  is  thrown  into  the  muffles, 
the  finely  divided  ore  would  separate  from  the  coal,  and, 
owing  to  its  greater  specific  gravity,  would  mostly  fall  to  the 
bottom  of  the  muffle  and  so  occasion  a  smaller  yield  of  metal. 
If  finely  divided  ore — ^blende  for  instance — is  employed,  the 
coal  must  be  somewhat  moistened  to  make  the  ore  powder 
stick  to  it. 

An  addition  of  4  or  5  per  cent  of  common  salt  to  the  first 
3  or  4  mixtures  assists  the  glazing  of  the  inside  of  the  dis- 
tilling vessels,  t 

11.   DISTILLATION   OP  ZINC. 

If  the  ore  mixture  is  heated  to  a  sufficiently  high  tem- 
perature in  a  suitable  distilling  vessel,  furnished  with  a  re- 
ceiver, zinc  vapour  will  enter  the  receiver  soon  after  charging 
the  ore,  whilst  coal  gases  are  rapidly  evolved.  At  the 
beginning  the  temperature  of  the  receiver  is  not  sufficiently 
high  to  melt  the  zinc  powder,  and  the  temperature  is  in- 
tentionally kept  low  in  the  furnace ;  this  low  temperature 
causes  the  zinc  vapour  to  form  a  pulverulent  sublimate,  part 

*  Armengaud*s  Genie  Industrie!,  Jan.  i860,  p.  45.  Dinol.  Polyt.  Journ., 
Bd.  157,  p.  61.  TuNNER*8  Bericht.  ii.  d.  Lond.  Industrieausst.,  v.  1862.  Wien, 
1863,  p.  21. 

f  Bg>\'kfd.,  ix.,  562. 
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of  which  is  carried  away  by  the  rapidly  evolved  coal  gases, 
and  part  burns  with  a  greenish  white  flame  on  coming  into 
conta<5t  with  the  air  at  the  mouth  of  the  receiver,  forming  a 
yellowish  white  deposit  on  the  nearest  parts.  This  pro- 
duA  consists  of  finely  divided  metallic  zinc,  oxide  of  zinc, 
and  volatile  substances,  such  as  cadmium,  antimony,  arsenic, 
&c.,  and  is  colledted  in  vessels  standing  before  the  receiver. 
It  is  afterwards  worked  up,  but  always  yields  a  hard  zinc, 
and  for  this  reason  its  formation  is  limited  as  much  as 
possible ;  nevertheless  9  or  10  per  cent  of  the  whole  pro- 
duction will  always  result  as  impure  zinc  dust. 

If  the  receiver  has  attained  a  higher  temperature,  two  or 
three  hours  after  the  charging  most  of  its  zinc  will  be  con- 
densed in  a  liquid  form,  and  the  formation  of  zinc  dust  will 
decrease,  though  some  will  be  formed  up  to  the  end  of  the 
process;  this  is  indicated  by  little  or  no  flame  of  zinc 
appearing  at  the  mouth  of  the  recipient,  while  the  firing 
has  been  gradually  increased.  If  the  zinc  flame  disappears 
too  soon,  it  is  usually  a  sign  that  the  distilling  vessels  have 
become  defedtive ;  air  will  enter  the  cracks  and  will  oxidise 
the  reduced  zinc. 

While  still  liquid  the  zinc  in  the  receivers  is  poured  either 
into  cast-iron  moulds,  or  allowed  to  drop  into  reservoirs  and 
solidify,  in  which  case  it  must  be  re-melted  in  clay  or  iron 
pots.     Impure  zinc  is  thus  refined. 

A  new  charge  is  given  after  removing  from  the  distilling 
vessels  the  residues,  and  any  deposits  which  may  have  been 
formed. 

The  redu<5tion  of  calamine,  or  of  well-roasted  blende, 
containing  the  same  amount  of  zinc,  takes  place  equally 
well ;  and  sometimes  the  blende  is  more  easily  reduced  than 
a  siliceous  calamine. 

The  different  modes  of  distilling  zinc,  though  all  based 
upon  the  same  theory,  differ  in  the  form  of  the  distilling 
furnaces,  and  in  the  form  of  the  vessels  employed,  as  before 
mentioned. 

The  English  and  Carinthian  methods  are  now  rarely  em- 
ployed, and  the  experiments  made  to  extraft  zinc  in  cupola 
and  reverberatory  furnaces  have  not  been  successful  enough 
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to  cause  them  to  be  adopted  on  a  large  scale,  therefore  the 
only  choice  is  between  the  Belgian  and  Silesian  methods. 

The  chief  basis  of  the  production  of  zinc  from  ores  not 
too  poor  or  expensive,  as  well  as  that  of  the  choice  between 
the  different  methods,  depends  on  the  prices  of  the  fuel 
and  clay.  In  the  present  state  of  zinc  manufadture  the 
production  of  zinc  is,  in  Belgium  for  instance,  only  profit- 
able if  the  price  of  a  ton  of  coal  does  not  exceed  ii'gs.,  and 
of  a  ton  of  clay  £i  77s. ;  and  provided  the  ores  contain 
45  per  cent  of  zinc. 

The  profit  of  zinc  works  is  larger  the  less  distance  the 
ore,  clay,  and  especially  coal,  have  to  be  carried,  as  the  con- 
sumption of  these  three  materials  amounts  to  about  the  fol- 
lowing proportions — namely,  50  per  cent  of  coal,  35  per  cent 
of  ore,  and  15  per  cent  of  clay ;  thus  it  is  better  to  carry  the 
ore  to  the  coal. 

When  comparing  the  different  methods  of  extradling  zinc 
and  choosing  between  them,  the  following  are  the  points 
mostly  to  be  taken  into  consideration : — 

I.  The  Price  and  Quality  of  the  Coal. — A  good  coal  is 
required  to  produce  the  necessary  high  temperature ;  wood 
and  turf  are  seldom  employed,  as  they  are  too  expensive. 
Experiments  have  been  made  in  Silesia  to  use  gas  for  fuel, 
but  with  no  favourable  result,  as  the  fire-places  waste  too 
rapidly. 

The  consumption  of  coal  is  smallest  in  the  Belgian  fur- 
naces, where  the  flame  fully  surrounds  the  retorts,  while  it 
does  not  touch  the  bottom  of  the  muffles  and  crucibles  em- 
ployed in  the  other  methods ;  the  Carinthian  method  is  the 
most  unfavourable,  as  it  does  not  allow  a  continued  process. 

For  the  produdtion  of  i  cwt.  of  raw  zinc  in  Belgium,  from 
6  to  8  cwts.  of  bituminous  coal  are  used ;  in  Silesia,  from  10 
to  15  cwts.,  and  even  i  ton  of  non-caking  coal ;  and  in  the 
old  English  method,  i  J  tons  of  good  coal. 

Bituminous  coal  evolves  a  considerable  amount  of  gas, 
which  keeps  the  furnace  at  a  certain  pressure,  and  conse- 
quently a  continuous  strong  heat  is  produced,  admitting  of 
a  regular  process.  This  coal  also  possesses  the  advantage  of 
forming  an  ash  or  clinker  grate.      Non-caking  coal  only 
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yields  much  gas  at  the  beginning,  so  that  the  furnace  can 
only  be  raised  periodically  to  a  high  temperature  by  charging 
large  quantities  of  coal. 

Efforts  have  been  made  to  save  fuel  and  to  increase  the 
produdtion  by  enlarging  the  distilling  vessels,  or  by  increas- 
ing their  number,  but  it  was  proved  that  when  exceeding 
a  certain  limit,  the  loss  of  zinc  increased  as  well  as  the 
consumption  of  clay,  while  the  consumption  of  fuel  de- 
creased very  little,  or  not  at  all,  and  more  labour  was  re- 
quired. The  Belgian  furnaces  are  therefore  very  little  modi- 
fied ;  but  this  has  been  the  case  with  the  Silesian  furnaces, 
partly  by  conducting  the  flame  below,  and  partly  by  employ- 
ing 2  tiers  of  muffles,  one  above  the  other,  thus  effedling  a 
considerable  saving  in  fuel. 

2.  The  Price  and  Quality  of  the  Clay. — ^The  quality  of 
the  clay,  and  the  care  and  skill  with  which  the  refradtory 
materials  are  manufactured,  have  an  essential  influence 
upon  the  results  of  the  zinc  works.* 

The  most  excellent  clay  for  zinc  works  is  that  from 
Andenne,!  in  Belgium;  it  is  used  in  the  zinc  works  near 
Swansea,  in  preference  to  good  English  and  Scotch  clays. 

The  following  is  Coste's  analysis  of  the  Belgian  clay : — 


Tahier. 

Mazet. 

Maizeral. 

Haltinne. 

Namur. 

Silica  ....     56-0 

52-0 

46-0 

40-0 

7179 

Alumina  .     .     •    26*0 

25*0 

33'4 

25-0 

19-49 

Magnesia     .     .       2'0 

trace 

I'O 

1-6 

o-o6 

Peroxide  of  iron       — 

— 

— 

0-4 

0-85 

Alkalies  ...       — 

— 

— 

0-85 

Water     .     .     .     14-0 

12*6 

i8-6 

15*0 

7-47 

Sand  ....      2-0 

9-8 

I'O 

i8-o 

0-85 

This  clay  is  sold  in  the  form  of  large,  oblong  lumps, 
usually  dark  coloured,  and  weighing  from  40  to  50  lbs.  each ; 
on  the  Rhine  it  costs  about  £1  4s.  per  ton,  free  on  board. 

Fewer  clay  vessels  are  used  for  the  Silesian  method,  but 
they  are  more  difficult  to  manufa<5ture,  and  require  more  time. 

•  B.  u.  h.  Ztg.,  1861,  pp.  335,  389,  408,  438, ;  1862,  pp.  18, 116,  240,  262,  327. 
Berggeist,  1861,  No.  104 ;  1862,  No.  48.  Dii«OL.,  Bd.  159,  p.  54 ;  Bd.  161,  pp. 
208,  291 ;  Bd.  163,  p.  193 ;  Bd,  164,  p.  zi6. 

t  B.  u.  h.  Ztg.,  1862,  p.  262. 


Digitized  by  VjOOQ IC 


426  ZINC. 

The  Belgian  retorts  are  more  apt  to  crack  and  to  become 
crooked,  as  they  are  only  supported  on  both  ends,  while  the 
mufifles  rest  upon  their  bottom.  The  expense  for  retorts 
calculated  upon  i  cwt.  of  produced  zinc,  amount  to  2s.  4'5d., 
and  for  mufiSes  to  is.  7d.  As  the  clay  vessels  of  the  English 
crucible  furnaces  wear  a  long  time,  this  method  is  retained 
in  some  few  places  where  coal  is  very  cheap,  as  for  instance 
at  Neath,*  near  Swansea ;  a  less  refradlory  clay,  which  is 
not  suitable  for  retorts,  may  still  do  for  mufiSes.  If  retorts 
manufaftured  of  such  clay  were  employed,  the  lower  retorts 
would  be  likely  to  melt  if  a  temperature  were  produced  suffi- 
cient to  volatilise  the  zinc  in  the  upper  retorts. 

3.  The  Amount  of  Zinc  in  the  Ores. — ^Whether  poor 
ores  can  be  profitably  treated  for  the  extradlion  of  their  zinc 
will  depend  on  the  price  of  coal,  clay,  and  labour ;  on  this 
account  ores  containing  less  than  40  per  cent  of  zinc  cannot 
be  worked  with  advantage  in  Belgium,  while  ores  which  only 
contain  from  18  to  20  per  cent  are  profitably  worked  in 
Silesia.  The  yield  in  muffles  is  larger  than  in  retorts,  as 
the  residues  are  poorer,  owing  to  the  greater  length  of  the 
process ;  hence  the  Silesian  method  is  more  suitable  for  poor 
ores  which  do  not  permit  much  loss  of  zinc.  Moreover,  poor 
ores  rich  in  earths  and  oxide  of  iron  are  apt  to  form  more  or 
less  fritted  deposits,  which  can  be  better  removed  from 
muffles  than  from  retorts. 

The  richer  the  ore  the  lower  is  the  temperature  required 
for  its  distillation  ;  also  as  the  wages  are  less  as  the  produc- 
tion is  greater,  the  zinc  produced  from  rich  ores  will  be  the 
cheapest. 

4.  The  Influence  of  Foreign  Substances  in  the  Ore. — 
The  basic  oxides  will  attack  the  clay  vessels  more  the  longer 
the  distilling  process  lasts,  and  the  closer  the  conta<5l  of  the 
ore  with  the  inside  walls  of  the  vessel ;  for  this  reason,  their 
influence  is  greater  in  the  Silesian  than  in  the  Belgian  pro- 
cess. Ferruginous  blende  and  calamine  are  better  adapted 
for  the  Belgian  process,  and  blende  of  coarse  grain  offers  less 
contadl  than  finely  divided  ore.     If  fusible  slags  are  formed 

*  B.  u.  h.  Ztg.,  1861,  p.  430. 
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during  distillation  they  can  be  more  easily  removed  from 
retorts  than  from  muffles,  but  muffles  cause  less  waste,  owing 
to  the  lower  temperature.  A  larger  amount  of  lead  in  the  ore 
attacks  retorts  more  than  muffles,  the  retorts  being  more 
strongly  heated.  The  reduced  lead  colledls  on  the  moderately 
hot  bottom  of  the  muffle  without  injuring  it. 

According  to  George  Darlington  and  Price,*  poor  basic 
ores  do  not  waste  the  clay  vessels  so  much  if  the  vessels  are 
previously  closed  and  heated  with  coal  tar  up  to  the  caking 
point  of  the  tar.  Glazingt  the  retorts  also  preserves  them 
from  wasting  and  from  loss  of  zinc. 

5.  The  Extension  of  the  Produd^ion. — ^The  Belgian  fur- 
naces yield  more  zinc  in  a  given  time  than  the  Silesian ; 
these,  however,  allow  longer  operations. 

6.  The  Cost  of  Furnaces. — Two  Silesian  furnaces  of  the 
older  construdlion,  eredled  close  to  each  other,  cost  about 
£120,  a  Belgian  furnace  about  3^320;  but  the  new  large 
Belgian-Silesian  furnaces  are  more  expensive  than  the 
Belgian  furnaces.  The  process  in  a  Belgian  furnace  lasts  for 
about  15  months,  while  in  a  Silesian  it  may  be  carried  on  for 
20  months ;  the  repairs  of  Silesian  furnaces  are  also  cheaper. 

7.  The  Skilfulness  of  the  Workmen  required  for  the 
Belgian  process  is  greater  than  that  for  the  Silesian  ;  also 
the  labour  in  the  Belgian  process  is  more  fatiguing.  The 
wages  for  the  new  Belgian-Silesian  furnace  are  as  high  as  for 
the  Belgian  furnaces. 

The  dimensions  of  the  furnaces  and  of  the  distilling  vessels 
also  influence  the  process. 

It  is  advantageous  to  employ  vessels  of  comparatively  small 
size,  with  thin  sides  and  a  large  surface  for  heating. 

The  various  processes  are  all  liable  to  cause  a  loss  of 
zinc : — ^by  imperfedt  condensation  of  the  zinc  vapour  in  the 
receivers ;  by  some  deficiency  of  the  distilling  vessels  ;  by  an 
improper  preparation  and  drying  of  the  ore  mixture,  if  the 
ore  mixture  is  of  too  basic  a  nature ;  by  obstruftions  of  the 
receiver,  &c. 

*  Percy,  Metallurgy,  i.,  594. 

f  B.  u.  h.  Ztg.,  i860,  p.  ga  ;  1861,  p.  40;  1862,  p.  140. 
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All  experiments  to  coUedl  the  escaping  gaseous  zinc,  either 
in  condensation  flues,*  or  by  means  of  liquids  (as  ammonia  t), 
seem  to  have  been  unsuccessful.  Only  at  St.  Leonhard  I 
some  of  these  disadvantages  are  obviated  by  employing  very 
spacious  condensing  flues,  connedled  with  a  ventilator. 

Part  of  the  zinc  is  also  retained  in  the  residues  and  de- 
posits. 

THE  BELGIAN  METHOD  OF  EXTRACTING  ZINC. 

This  method,  if  coal  is  expensive  and  clay  cheap,  is  generally 
best  adapted  for  treating  rich  ores  in  a  finely  divided  state. 
It  requires  a  long-flaming  coal,  very  good  clay,  and  skilful 
workmen,  and  in  a  given  time  yields  a  greater  produdlion 
than  the  Silesian  method,  but  the  residues  are  richer. 

The  distillation  furnace  is  chiefly  required  to  contain  the 
greatest  possible  number  of  distilling  vessels  in  such  a  manner 
as  to  allow  a  uniform  heating.  The  Silesian  furnaces  answer 
this  purpose  better  in  some  respects  than  the  Belgian.  As 
the  lower  retorts  of  the  Belgian  furnaces  are  always  heated 
somewhat  more  strongly  than  the  upper  ones,  the  latter  are 
to  be  charged  with  the  richest  materials,  which  are  easily 
reducible. 

An  increase  of  the  distilling  vessels  up  to  a  certain  limit 
may,  if  the  workmen  are  skilful,  have  a  favourable  result 
with  regard  to  the  consumption  of  fuel  and  the  produftion  of 
zinc ;  but  if  that  limit  is  surpassed,  these  advantages  may 
be  lost,  chiefly  owing  to  the  workmen's  unskilfulness;  or  the 
greater  loss  of  zinc  may  outbalance  the  advantage  of  greater 
produdlion. 

The  zinc  works  of  the  Vieille  Montagne  mostly  contain 
furnaces  with  6i  retorts,  31  of  which  form  the  lower  tiers ; 
they  are  each  charged  every  twelve  hours  with  about  24  lbs. 
of  ore  mixture,  while  the  upper  retorts  are  only  charged  with 
16  lbs.  These  furnaces  are  8  feet  wide,  loj  feet  high,  and 
6^  feet  deep ;  the  retorts  are  8  inches  in  diameter  and  3  feet 
3  inches  in  length.     Mr.  Vivian's  zinc  works  near  Swansea 

•  B.  u.  h.  Ztg.,  i860,  p.  31 ;  1861,  p.  429. 
t  B.  u.  h.  Ztg.,  1862,  p.  140. 
J  B.  u.  h.  Ztg.,  1862,  p.  71. 
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contain  78  retorts,  each  3  feet  6  inches  long  and  8  inches  in 
diameter,  while  the  furnaces  are  11  feet  wide,  5 J  feet  high, 
and  4  feet  deep. 

The  retorts,  adapters,  &c.,  are  manufactured  from  a  mix- 
ture of  raw  and  burned  clay ;  the  burned  clay  is  ground  by 
edge  mills,  and  the  degree  of  fineness  given  to  the  clay  de- 
pends on  the  size  of  the  objedt  to  be  manufadtured.  Up  to 
a  certain  limit,  the  larger  the  objedt  for  which  the  clay  is  in- 
tended, the  finer  the  clay  is  ground. 

The  burning  of  the  clay  is  efifedled  in  arched  furnaces 
9  feet  long,  7  feet  broad,  and  7  feet  high.  The  sole  of  the 
furnace  is  also  formed  by  a  vault,  about  2  feet  beneath  which 
is  placed  a  grate  6J  feet  long,  and  2  feet  broad,  from  which 
the  flame  enters  the  furnace  by  24  flues,  and  escapes  by 
the  flues  of  the  arched  roof  of  the  furnace.  A  furnace  is 
charged  with  from  15  to  17  tons  of  raw  clay,  and  bums  for 
about  3  days,  consuming  50  cubic  feet  of  coal.  The  clay  is 
then  burned  so  hard  that  it  will  give  sparks  when  struck 
with  steel. 

If  intended  for  the  manufadlure  of  retorts,  the  burned  clay 
is  divided  into  grains  about  one-twelfth  of  an  inch  in  size, 
and,  after  being  sifted,  is  mixed  with  the  raw  clay  which 
has  been  dried  and  ground.  The  mixture  is  then  moistened 
with  about  20  per  cent  of  water. 

At  Altenberg,  near  Aix-la-Chapelle,  the  mixture  for  the 
lower  retorts  consists  of  3  parts  of  burned  and  2  parts  of  raw 
Belgian  clay,  and  that  for  the  upper  retorts  of  4  parts  of  raw 
Belgian,  3  parts  raw  Rhenish  clay,  and  8  parts  of  old  retorts 
free  from  slag.  The  Rhenish  clay  is  made  suitable  for  the 
manufafture  of  retorts  by  burning  it  at  a  very  high  tempera- 
ture, approaching  to  vitrification.  An  addition  of  coke  is  in- 
jurious, owing  to  the  ash  it  contains. 

The  clay  composition  is  kneaded  into  a  paste,  either  by  hand 
or  by  a  pug  mill  similar  to  that  used  in  Staffordshire  for 
making  pottery  ware,  namely  a  cylinder  in  whose  axis  an 
upright  shaft  revolves,  bearing  knives  as  radii  to  the  shaft. 

The  retorts  are  mostly  manufactured  by  means  of  a  mould* 

•  B.  u.  h.  Ztg.,  1859,  p.  406. 
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consisting  of  six  semicircular  pieces,  which,  when  united  with 
iron  rings  and  wedges,  form  a  retort.  For  the  purpose  of  form- 
ing the  bottom  of  the  retort  a  massive  clay  cylinder  is  first 
formed,  the  height  of  one  seAion  of  the  mould  ;  sand  is  spread 
over  it,  and  it  is  placed  upon  the  floor,  and  the  mould  put  so 
as  to  cover  it.  A  hole  is  then  formed  by  beating  a  conical 
rammer  into  the  clay,  and  made  cylindrical  by  removing  some 
clay  by  hand.  The  clay  is  beaten  against  the  sides  of  the 
mould  with  a  club,  and  an  exadl  cylindrical  form  is  given  by 
applying  a  templet ;  this  cylinder  forms  one  piece  with  the 
bottom.  Sausage-like  clay  strips,  placed  spirally,  and  sur- 
rounded by  another  part  of  the  mould,  are  now  moulded  upon 
the  edge  of  the  cylinder.  The  inner  sides  are  beaten  against  the 
sides  of  the  mould,  and  the  above-mentioned  templet  is  again 
applied;  this  is  continued  till  the  retort  has  obtained  the  re- 
quired height.  This  mode  of  making  retorts  is  adopted  in  Bel- 
gium and  Westphalia ;  other  methods  are  followed  in  Iserlohn 
and  hinZf  but  the  quickest  way  of  manufadturing  retorts  is  in 
use  in  Angleur  and  St.  Leonhard,  in  Belgium,  and  at  Vivian's 
zinc  works  near  Swansea.  Wooden  moulds  opening  longi- 
tudinally by  hinges  are  filled  with  plastic  clay  and  placed 
beneath  a  borer,  which  is  the  breadth  of  the  diameter  of 
the  retort,  and  capable  of  being  moved  up  and  down  by  a 
machine.  By  means  of  this  borer  one  workman  is  able  to 
make  from  loo  to  150  retorts  in  12  hours,  while  only  18  or  20 
retorts  can  be  made  by  hand  in  the  same  time.  At  Mores- 
net  a  bored  and  fired  retort  costs  is.  3d.,  and  a  retort  made 
by  hand  is.  8d. 

The  retorts  are  then  dried  in  the  air  for  about  three  weeks, 
and  afterwards  placed  for  two  or  three  months  in  a  drying 
chamber,  which  is  kept  at  an  average  temperature  of  30^^^  C. 
Each  retort  is  stamped  with  the  date  on  which  it  was  manu- 
factured, and  also  with  a  mark  to  identify  the  workman. 

The  retorts  are  put  diredtly  into  the  reducing  furnace, 
when  a  new  operation  commences  ;  but  if  they  are  intended 
for  replacing  broken  retorts  while  the  operation  is  proceeding, 
they  must  be  previously  and  very  gradually  heated  in  sepa- 
rate furnaces. 
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The  constru<aion  of  the  Belgian  furnaces  in  common  use 
is  represented  by  Figs.  114,  115.* 


Fig.  114 


Fig.  114,  represents  on  the  left  hand^  a  front  elevation  of 
the  furnace,  and  on  the  right,  a  se<£lional  elevation  through 
the  ash-pit  and  fire-place,  f  is  the  fire-place,  whilst  A  is 
the  cavity  into  which  are  introduced  the  retorts  used  for  the 
distillation  of  the  metal.  The  produfts  of  combustion  escape 
by  the  openings  (g,  g)  into  a  flue,  by  which  they  are  either 
conducted  into  the  calciner  for  the  purpose  of  economising 
the  waste  heat,  or  into  the  chimney. 

These  furnaces  are  arranged  either  in  pairs,  back  to  back, 
or  in  groups  of  four,  for  the  purpose  of  rendering  the  struc- 
ture more  solid,  and  of  economising  the  heat.  In  the 
arched  chamber  (a)  are  placed  48  or  more  cylindrical  retorts, 
3  feet  6  inches  in  length  from  b  to  rf,  and  7  inches  in 
internal  diameter.  These  are  supported  behind  by  ledges 
of  masonry  (a,  b),  Fig.  115,  whilst  in  front,  at  c,  d,  they  rest 
on  fire-clay  saddles,  let  into  an  iron  framing.  Short  conical 
iire-clay  pipes,  10  inches  in  length  from  d  to  e,  are  fixed  in 

*  Dr.  Ure^s  Didlionary  of  Arts,  &c,,  iii.,  1,123. 
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the  mouths  of  these  retorts  by  means  of  moistened  clay, 
and  projedl  for  a  short  distance  beyond  the  mouth  of  the 
furnace.  To  these  are  adapted  thin  wrought  iron  cones, 
i8  inches  in  length  from  t  to  /,  tapering  off  at  the  smaller 
extremity  to  an  orifice  about  three  quarters  of  an  inch  in 
diameter,  which  serves  to  colledl  the  zinc  dust ;  they  are 
mostly  used  in  England.  Those  used  on  the  Continent  are 
of  a  different  form,  and  without  an  orifice,  as  shown  by  h 
in  Fig.  ii6;  and  these  seem  to  be  preferable.    The  inclined 

Fig.  ii6. 


position  of  the  retorts,  the  method  of  adjusting  the  pipes, 
and  the  general  arrangement  of  the  apparatus  is  shown  in 
Fig.  115,  in  which  r,  r,  r,  r,  represent  the  nozzles  of  thin 
wrought  iron. 

Contrary  to  the  plan  shown  in  the  above  drawings,  the 
furnaces  used  on  the  Continent  are  furnished  with  an  in- 
clined grate,  in  order  to  concentrate  the  heat  in  the 
furnace. 

When  a  new  furnace  is  first  lighted,  the  retorts  are  in- 
troduced without  being  previously  baked,  but  care  must  be 
taken  that  they  be  perfe<5tly  dry  and  well-seasoned,  and  a 
large  stock  should  be  kept  constantly  at  hand,  in  a  store- 
house artificially  heated  by  some  of  the  flues  of  the  esta- 
blishment. The  heat  must  be  gradually  increased  for  three 
or  four  days,  at  the  end  of  which  period  charges  of  ore  are 
introduced,  the  clay  cones  are  luted  in  their  places,  and  the 
furnace  brought  into  full  working  order.  The  charge  of  a 
furnace  differs  according  to  the  number  and  size  of  the  re- 
torts. The  ore  and  coal  dust,  after  being  finely  divided 
and  thoroughly  mixed,  are  slightly  damped,  and  then  in- 
troduced into  the  retorts  by  means  of  a  semi-cylindrical 
scoop,  with  which  an  experienced  workman  will  effedt  the 
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charging  without  spilling  any  of  the  mixture ;  the  mixture 
is  pressed  in  the  lower  part  of  the  retorts,  and  kept  looser 
in  the  upper  part. 

The  retorts  in  the  lower  tier  are  not  usually  charged,  as 
they  are  extremely  liable  to  break,  and  are,  therefore,  only 
employed  to  moderate  the  heat  of  the  furnace.  In  cases 
where  the  fire-place  is  covered  by  a  hollow  arch,  every 
retort  requires  a  charge  of  ore. 

As  soon  as  the  retorts  have  been  charged,  the  clay  cones 
are  luted  into  their  places,  and  carbonic  oxide  gas  quickly 
makes  its  appearance,  burning  with  a  blue  flame  at  the 
mouth  of  the  cones.  The  quantity  of  this  gas  gradually 
diminishes,  and  as  soon  as  the  flame  assumes  a  greenish 
white  hue,  and  white  fumes  are  observed  to  be  evolved,  the 
sheet-iron  cones  are  put  on,  and  the  furnace  at  once  enters 
into  steady  adtion.  From  time  to  time,  as  the  iron  cones 
become  choked  with  oxide,  they  are  taken  off  and  gently 
tapped  against  some  hard  substance  to  remove  the  oxide,  and 
are  then  replaced.  The  oxide  thus  coUedted  is  added  to  the 
mixture  prepared  for  the  next  charge.  After  the  expiration 
of  about  six  hours  from  the  time  of  charging,  the  wrought 
iron  tubes  are  successively  removed,  and  the  metallic  zinc 
scraped  from  the  clay  pipes  into  an  iron  ladle.  This,  when 
full,  is  skimmed,  and  the  oxide  added  to  that  obtained  from 
the  nozzles,  whilst  the  pure  metal  is  cast  into  ingots,  each 
weighing  about  30  lbs.  Twelve  hours  after  the  charging, 
the  zinc  is  again  tapped,  and  the  residue  remaining  in  the 
retorts  withdrawn.  The  retorts  are  immediately  re-charged, 
and  the  operation  of  redudlion  is  again  conducted  as  de- 
scribed. 

The  residues  obtained  from  the  retorts  after  the  first 
working,  are  passed  through  a  crushing  mill,  mixed  with  a 
further  quantity  of  small  coal,  and  again  treated  for  the 
metal  they  contain.  When  unfit  for  further  service,  the 
earthen  adapters  or  cones  are  crushed  and  treated  as  zinc 
ores. 

In  order  to  work  these  furnaces  economically,  it  is  very 
important  that  they  should  be  constantly  supplied  with  a 
full  number  of  retorts,  since  the  amount  of  fuel  consunied, 
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and  the  general  expense  incurred  for  each  furnace,  will  be 
the  same  if  the  apparatus  has  its  full  complement  of  retorts, 
or  if  one  half  of  them  is  broken. 

It  is  necessary,  therefore,  that  in  all  zinc  smelting  esta- 
blishments, a  large  stock  of  well-seasoned  retorts  should  be 
kept ;  and  that,  before  being  introduced  into  the  furnace, 
they  may  be  heated  to  full  redness  in  a  kiln  provided 
for  that  purpose,  in  case  of  any  deficiency  caused  by 
breakage. 

The  Belgian  process  of  zinc  smelting  is  that  most  em- 
ployed in  this  country.  The  principal  places  in  which 
zinc  ores  are  treated  are  Swansea,  Wigan,  Llanelly,  and 
Wrexham. 

Illustrations  of  the  Belgian  Process. 

a.  Treatment  of  Calamine. — At  Moresnet,*  (Vieille  Mon,- 
tagne),  near  Aix-la-Chapelle,  calamine  occurring  in  the 
neighbourhood  is  partly  calcined  in  large  kilns,  and  partly 
in  reverberatory  furnaces,  after  having  been  ground  by  edge 
mills  and  combined  so  as  to  contain  50  per  cent  of  zinc. 

100  lbs.  of  ore  mixture  are  then  mixed  with  45  or  46  lbs. 
of  coal.  The  older  furnaces,  having  52  retorts,  produce 
daily  6  or  7  cwts.  of  zinc  from  calamine  yielding  from  35  to 
37  per  cent ;  they  consume  daily  28  cwts.  of  flaming  coal, 
and  loj  cwts.  of  non-caking  coal,  per  furnace. 

The  new  furnaces,  with  61  charged  retorts  (the  lower  ones 
containing  24  or  25  lbs.,  and  the  upper  ones  12  or  14  lbs., 
or  an  average  20  lbs.  of  ore  each),  produce  in  24  hours  from 
24  cwts.  of  calamine,  with  50  per  cent  of  zinc,  from  900  to 
940  lbs.  of  zinc,  including  that  contained  in  the  zinc  dust, 
equal  to  38  or  39  per  cent ;  whilst  they  consume  63  cubic 
feet  of  flaming  coal,  and  21  cubic  feet  of  reduftion  coal. 
In  24  hours  one  mixture  of  20  cwts.  70  lbs.  of  ore,  and 
10  cwts.  98  lbs.  of  coal,  yielded  in  one  furnace,  742  lbs.  of 
zinc,  and  74  lbs.  of  zinc  dust,  altogether  39  per  cent,  and 

*  Ann.  d.  min.,  4  s^r.  i  livr.,  1844,  de  p.  165 ;  2  livr.,  de  1844,  p.  22^.  Bgwkfd. 
X.,  245, 264,  273.  V.  Carnall*8  PreuBB.  Ztschr.,  ii.,  Bd.  i,  Lief.,  p.  iv.  B.  u.  h. 
2tg.,  1859,  p.  304.  Ibid,  i860,  p.  4.  Ztg.  f.  d.  deutsche  Berg-u.  HUttenwesen, 
1859,  No.  12. 
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consumed  i  ton  g^  cwts.  of  coal  for  heating,  3*8  retorts, 
II  clay  tubes,  and  o'6  lbs.  of  fire-bars.  On  an  average,  one 
furnace  uses  up  three  retorts  daily. 

The  average  loss  of  zinc  amounts  to  about  11  per  cent, 
half  of  which  is  contained  in  the  residues ;  the  calamine 
worked  is  of  good  quality,  and  therefore  yields  a  very  pure 
zinc.  One  retort  costs  from  is.  yd.  to  is.  8d. ;  a  clay 
cone  about  i'4d.,  and  i  ton  of  best  refraftory  bricks  about 
3^2  4s. 

The  zinc  works  at  Angleur  and  St.  Leonhard,*  in  Belgium, 
work  in  a  similar  way,  partly  the  above  ore  and  partly 
Spanish  calamine. 

b.  Treatment  of  Blende. — At  Corphalie,t  near  Huy,  in 
Belgium,  blende  is  roasted  in  reverberatory  furnaces,  either 
with  diredl  firing,  or  by  the  gases  escaping  from  the  reduc- 
tion furnaces.  An  older  furnace,  containing  40  retorts,  was 
charged  with  18  cwts.  of  blende  and  some  calamine,  and 
19  cubic  feet  of  coal ;  in  24  hours  it  produced  6  cwts.  of 
zinc,  and  80  lbs.  of  grey  zinc  dust,  consuming  38  cubic  feet 
of  coal  for  heating  the  furnace. 

The  process  may  be  carried  on  in  one  furnace  for  six  or 
eight  months  ;  i  ton  of  clay  from  Andenne  costs  i6s. ;  each 
retort  costs  is.  yd.,  and  i  ton  of  fire-bricks,  £1  5s.  In 
22  hours  I  furnace  consumes  3  retorts,  and  o"8  piece  of  cone, 
which  are  here  made  of  cast-iron,  instead  of  clay.  The 
produdlion  of  i  cwt.  of  zinc  costs  altogether  about  19s.  3d. 

Formerly,  557  tons  14  cwts.  of  raw  blende  yielded  460  tons 
9  cwts.  of  roasted  blende  in  one  month,  costing  ^^215  i6s., 
or  9s.  2d.  per  ton  of  ore. 

In  20  furnaces,  or  in  620  days,  were  reduced  413  tons 
14  cwts.  of  roasted  blende,  68  tons  17  cwts.  of  calcined  cala- 
mine, 37  tons  13  cwts.  of  oxide  from  the  cones,  and  4  tons 
5  cwts.  of  waste  from  the  rolling  mills,  in  total,  524  tons 
9  cwts. ;  yielding  140  tons  5  cwts.  of  zinc  from  blende  and 
calamine,  33  tons  7  cwts.  of  zinc  from  the  oxide,  and  2  tons 

*  B.  u.  h.  Ztg.,  i860,  p.  30.    Ann.  d.  min.,  4  s^r.,  v.,  165, 227.    Bgwkfd.  x., 
245, 264,  272. 
f  Ann.  d.  mines.,  i  livr.,  de  1844,  pp.  202,  269.    Bgwkfd.,  x.,  270, 282. 
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15  cwts.  of  zinc  from  the  waste ;  or  on  an  average  per  day 
and  per  furnace — 

Charged  ore       18  cwts.  34  lbs. 

Produced  zinc 5      ,1    50   „ 

»»       oxide —      „    47   „ 

Consumption  of  retorts 2*99  pieces. 

„  coal        57  cubic  feet. 

„  cones  of  clay    .     .     .    0*82  piece. 

„  cones  of  cast-iron      .    075     „ 

Iron  fii-e-bars 175     „ 

Total  yield 32'3i  per  cent. 

The  smelting  cost  amounted  to  £916  i6s.,  or  to  los.  3d, 
per  cwt.  of  zinc. 

THE   SILESIAN   METHOD  OP  EXTRACTING  ZINC. 

In  Silesia  this  process  allows  the  profitable  treatment  of 
poor  ores  while  employing  non-caking  coal  and  an  inferior 
clay,  but  it  has  also  been  introduced  into  Belgium  and  West- 
phalia for  the  treatment  of  rich  ores  and  the  use  of  flaming 
coal  in  cases  where  coal  is  cheap  and  clay  expensive.  This 
method  allows  a  very  cheap  produftion  in  Silesia  (the  cost 
for  producing  i  cwt.  of  zinc  amounted  in  i860  to  los.  9d., 
whilst  the  ores  treated  yielded  15*89  per  cent)  owing  to  the 
cheapness  of  the  raw  materials  and  the  peculiarities  of  the 
process  itself. 

The  furnaces  employed  differ  in  their  construftion,  and 
depend  chiefly  on  the  quality  of  the  coal.  In  the  one  kind 
of  furnace  the  combustion  gases  are  condudled  upwards 
(Silesian  system),  and  in  the  other  downwards  (Belgian- 
Silesian  system),* 

Silesian  System. 

The  furnaces  are  either  with  or  without  a  chimney  ;  they 
are  used  without  a  chimney  when  employing  non-flaming 
coal,  which  is  consumed  much  more  rapidly  than  bituminous 
coal,  and  which  does  not  allow  the  use  of  so  much  draught  as 
is  caused  by  a  chimney.  Experiments  prove  that  the  burning 
coal  formed  small  pieces  of  coke  which  fell  through  the  grate, 

*  Schles.  Woch*enschr.,  1859,  No.  34.    B.  u.  h.  Ztg.,  i860,  p.  328. 
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allowing  cold  air  to  enter,  and  so  causing  a  cooling  of  the 
furnace,  which  interrupted  the  process  and  gave  rise  to  the 
formation  of  richer  residues.  The  escaping  flame  is  partly 
used  for  seasoning  the  muffles  and  re-melting  zinc.  It  then 
enters  the  smelting-house,  interfering  with  the  health  of  the 
workmen,  and  preventing  them  from  attending  regularly  to 
the  process. 

These  disadvantages  have  been  considerably  lessened  in 
some  newer  works  in  Silesia  by  enlarging  the  smelting- houses 
and  making  the  furnaces  higher. 

But  the  consumption  of  coal  in  these  furnaces  still  amounts 
in  Silesia  to  20  parts  for  i  part  of  zinc,  while  the  same  kinds 
of  furnace  in  the  smelting  works  near  Swansea,  but  furnished 
with  a  chimney,  only  use  ii  or  12  parts  of  bituminous  coal 
to  I  part  of  zinc. 

Different  suggestions  and  experiments  have  been  made  to 
improve  the  construdlion  of  the  furnace,  and  to  allow  a  better 
use  of  the  non-bituminous  coal*.  The  suggestions  of  Kle- 
mannt  are  those  most  worthy  of  consideration. 

Experiments  have  also  been  tried  to  economise  fuel  by  an 
increase  in  the  number  of  muffles,  but  it  has  been  found  that 
furnaces  with  20  muffles  are  the  best  with  regard  to  the  yield 
of  zinc.  At  Silesiahfltte,  furnaces  with  respedtively  24,  t  26, 
28,  and  30  muffles  have  been  used,  and  a  comparison  of  the 
results  of  different  furnaces  shows  that  the  absolute  produc- 
tion increased  a  little,  as  w^U  as  the  relative  consumption  of 
fuel,  and  that  the  yield  decreased  as  stated  in  the  following 
table : — 

Number    Treated  Consumption  ProduAion  Consumption  Yield  in    per 

of             Ore.           of  Fuel.  of  Zinc.  of  Fuel  per             cents. 

Muffles.  Cwt.  of  Zinc. 

Cwts.           Cwts.  Cwts.              Cwts.                  Cwts. 

20       53*55       i38'55         io'30         i3'42  i9'20 

24       6070       152*00         10*85         14*00  17*49 

30       67-83       178*60         11*48         15*55  16*89 

Furnaces  with  a  greater  number  of  muffles  are  ad  van - 

•  B.  u.  h.  Ztg.,  1861,  p.  352  ;  1849,  p.  277  ;  1850,  p.  667.    Karst.,  Arch., 
2  R.,  xxii.,  516 ;  xxiii.,  729. 
f  Klbkann,  Zinkgewinnung  Oberschlesiens,  i860,  p.  29. 
X  B.  u.  h.  Ztg.,  1861,  p.  398  (with  drawings),  p.  429. 
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tageously  employed  in  England,*  Belgium,  and  Westphalia,! 
where  bituminous  flaming  coal  is  burned,  but  they  require 
very  skilful  workmen. 

The  clay  used  for  the  manufadlure  of  the  muffles  is  pre- 
pared in  the  same  way  as  that  for  retorts,  only  the  burned 
clay  is  somewhat  less  finely  ground  (to  3  or  4  millim.).  It  is 
then  mixed  with  about  16  per  cent  of  water  and  kneaded, 
either  by  hand  or  machinery,  to  as  firm  a  consistence  as 
possible.  The  single  parts  forming  the  muffle  must,  like  the 
retorts,  be  intimately  united,  and  the  manufacture  carried  on 
without  interruption.  In  most  smelting  works  in  Silesia  the 
muffles  are  formed  by  hand. 

Polonian  clay,  mixed  with  J  part  of  old  muffles,  and  pounded 
and  sifted,  is  employed.  The  clay  mixture  is  moistened  and 
kneaded  by  hand  to  a  paste,  and  then  a  massive  prism  of  the 
same  breadth  as  the  muffle  is  formed.  By  excavating  this,  the 
bottom  and  side  walls  of  the  muffle  are  formed.  A  clay  plate 
is  placed  upon  and  joined  to  them,  and  by  beating  the  inside 
with  a  wooden  hammer,  the  proper  form  of  the  muffle  is  pro- 
duced. The  muffles  are  dried  in  the  atmosphere  for  about 
two  weeks,  and  then  kept  in  a  drying  chamber  for  some 
months. 

The  moulds  employed  for  the  manufafture  of  muffles  are 
formed  of  separate  parts,  which  are  covered  with  linen,  and 
have  sides  movable  on  hinges.  In  these  moulds  the  muffles 
are  either  made  of  clay  strips,  as  in  Llansamlet,!  near 
Swansea,  or  of  clay  plates,  ||  as  in  Belgium  and  Westphalia; 

The  durability  of  the  muffles  formed  by  moulds  seems  to 
be  about  equal  to  that  of  muffles  formed  by  hand. 

The  muffles  of  the  Silesian  zinc  works  are  from  4^-  to  5  feet 
long,  6  inches  wide  (inside),  and  from  18  to  20  inches  high. 
On  an  average  those  of  Belgian,  Westphalian,  and  Rhenish 
zinc  works  are  1*3  metres  long, 0*55  metre  high,  and  o'i5  metre 
wide  inside. 

In  Upper  Silesia  the  muffles  are  still  frequently  burned  in 

•  Percy,  Metallurgy,  i.,  563. 
t  B.  u.  h.  Ztg.,  i86o,Jpp.  33,:46. 

I  Percy,  Metallurgy,  i.,  559. 

II  B.  u.  h.  Ztg,,:  1859,  P-  406- 
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furnaces  attached  to  the  distilling  furnaces,  the  gases  escaping 
from  which  heat  the  former;  but  in  many  zinc  works 
furnaces  with  diredt  firing  are  now  used  for  this  purpose, 
as  they  allow  the  mufiles  to  be  heated  more  strongly ;  this 
increases  their  durability  so  much  as  to  counterbalance  the 
expense  for  firing. 

These  furnaces  are  all  of  similar  construdlion ;  those  used 
at  Llansamlet,  near  Swansea,*  are  represented  by  Figs.  117 
and  118.     The  fire-place  with  the  grate  (a)  has  an  arched  roof 

Fig.  117. 


furnished  with  12  openings  (6),  through  which  the  flame  enters 
the  furnace.  It  escapes  by  the  flues  (c)  into  the  chimney 
{d) ;  the  opening  of  the  furnace  for  placing  in  the  muffles 
can  be  closed  by  an  iron  door  {e) ;  a  muffle  is  sometimes  kept 
for  seven  weeks  in  the  hottest  part  of  the  furnace,  and  in  the 
other  parts  for  10  or  12  weeks  more. 

*  Percy,  Metallurgy,  i.,  561. 


Digitized  by  VjOOQ I 


r 


440 


ZINC. 


The  adapters  are  made  either  by  hand,  as  in  Upper  Silesia,* 
or  in  moulds,  with  less  refradtory  clay,  as  in  Llansamlet,  near 
Swansea.!     They  are  then  dried  and  burned. 

Fig.  119. 


Fig.  120. 
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•  B.  u.  h.  Ztg.,  1861,  p.  413. 
t  Percy,  Metallurgy,  i.,  561. 
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It  has  been  before  mentioned  that  the  mufiQe  furnaces  in 
Silesia  are  without  chimnies,  whilst  in  England  they  have 
them.  These  English  furnaces  are  shown  by  Figs.  119  and 
120.  The  flame  is  conduced  into  the  chimney  (k)  by  two 
rows  of  flues  (A)  in  the  arched  roof,  and  by  the  lateral  chan- 
nels (m) ;  both  h  and  m,  joining  in  the  horizontal  channel  i. 
The  openings  (»)  in  the  arched  roof  serve  for  repairing  the 
mufiies  which  have  become  deficient,  c  is  the  mufile,  g  the 
grate,  and  p  the  vaulted  ash-pit.  The  construdtion  of  mufile 
and  adapters  is  to  be  seen  in  Fig.  121.    The  clay  body  (a) 

Fig.  121. 


v■'^^..l 1 


rests  at  one  end  upon  the  support  (6),  in  the  muffle  (c),  and  is 
joined  at  its  other  end  to  a  cast-iron  conical  tube  (i),  which 
again  is  joined  to  the  plate  iron  tube  (e),  which  reaches  nearly 
to  the  bottom  of  the  place  on  which  the  reduced  zinc  will 
drop  (vide  Fig.  119).  The  opening  on  the  top  of  the  adapter 
(a)  is  closed  by  a  clay  plate  (q). 

Newton*  also  condudts  the  fiame  under  the  bottom  of  the 
mufiies,  and  the  zinc  vapour  into  a  condenser  after  it  has 
passed  through  a  layer  of  glowing  coal. 

A  new  furnace  is  first  dried  for  several  days  in  the  atmo- 
sphere, and  then  carefully  and  gently  heated  with  the 
air  excluded.  The  muffles  are  now  placed,  and  the  out- 
sides  surrounded  with  brick  wall  to  protedt  them  from  the 
fiame.  All  side  openings  are  closed  as  much  as  possible, 
and  the  firing  is  gradually  increased,  until,  after  a  lapse  of 

•  Polyt.  Centr.,  1857,  P-  793- 
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seven  or  eight  days  the  furnace  becomes  so  hot  as  to 
allow  the  charging  of  the  mufiSes.  The  protedling  walls  are 
removed,  and  the  spaces  between  the  muffles  and  partition 
walls  are  filled  up  with  bricks  and  fire-clay ;  the  adapters 
are  fixed  to  the  muffles,  and  a  light  charge  of  mixture  is  in- 
troduced by  means  of  the  opening  (q)  in  the  clay  adapter  (a). 
A  full  charge  is  not  given  until  three  or  four  of  the  light 
charges  have  been  made.  The  new  muffles  absorb  much 
metal,  unless  they  are  glazed.  A  furnace  in  normal  opera- 
tion is  charged  evexy  24  hours;  the  fused  zinc  from  the 
adapters,  and  the  residues  from  the  muffles  being  first  re- 
moved, for  which  purpose  the  muffles  are  provided  with  an 
aperture  below  that  to  which  the  adapter  is  fixed,  and  which 
is  kept  closed  by  a  clay  plate. 

Illustrations  of  the  Processes  for  the  Treatment  of 

Calamine. 
A.  At  the  zinc  works  at  Upper  Silesia.* — ^About  40  such  works 
exist  in  Upper  Silesia,  and  they  are  concentrated  at  the  dif- 
ferent places  where  the  calamine  occurs  in  nests.  The 
calamine  is  mixed  with  loam  or  dolomite,  and  frequently 
associated  with  iron  ore,  galena,  and  zinc  blende ;  the  iron 
ore  occurs  sometimes  in  such  large  quantities  that  it  is  pro- 
fitably worked ;  the  calamine  contains  on  an  average  from 
18  to  20  per  cent  of  zinc. 

It  may  here  be  mentioned  that  the  statements  of  the 
amount  of  zinc  in  the  ores  in  Silesia  are  always  made  with 
regard  to  raw  ore,  and  that  the  amount  is  determined  em- 
pirically by  smelting  the  ores  in  a  small  furnace,  and  in- 
cludes the  loss  in  smelting. 

The  zinc  works  in  Belgium  and  Westphalia,  on  the  other 
hand,  make  their  statements  for  calcined  ores,  the  metallic 
contents  of  which  are  determined  by  analyses.  The  state- 
ments, therefore,  do  not  allow  a  dire<5l  comparison ;  the 
Silesian  raw  calamine,  for  instance,  stated  to  contain  22J 

*  Manbs  in.  Ann.  d.  min.,  z  86r.,  xii.,  249 ;  Gallon,  Ibid.,  3  86r.,  xvii.,  45  ; 
RivoT,  Ibid.,  2  livr.,  de  1848.  Delesse,  Ibid.,  4  s^r.,  torn,  iv.,  p.  377 ;  torn, 
vi.,  p.  2x3.  JULiBN,  in  B.  u.  h.  Zt^.,  1861,  p.  396.  L.  Klemann,  die  Zinkge- 
winnung  in  Oberachlesien.  Mit  Zeichnwngen.,  Breslau,  i860.  B.  u.  h.  Ztg., 
i860,  p.  163. 
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per  cent,  would  contain  32*13  per  cent  in  the  calcined  state, 
calculating  that  the  loss  of  calcination  amounted  to  30  per 
cent ;  and  when  taking  into  consideration  the  10  per  cent  of 
loss  in  the  extraftion,  it  would  even  contain  42*13  per  cent 
of  zinc. 

The  cost  for  coal  is,  on  an  average,  2}d.  per  cwt.,  and  for 
small  coal  only  about  id.  The  Silesian  clay  costs  about  7d. 
per  cubic  foot ;  this  clay  is  used  in  admixture  with  Polish 
clay,  which  costs  about  is.  2d.  per  cubic  foot. 

According  to  Julien,*  one  furnace  produces,  in  24  hours, 
from  14  to  16  cwts.  of  ore  containing  15  or  16  per  cent, 
1*06  to  i*i6  cwt.  of  zinc.  The  price  of  calamine  at  the  mine 
is  7*id.  per  cwt.,  and  i*5d.  for  carriage  to  the  smelting 
works ;  i  ton  of  coal  costs  5s.  2d.,  i  muffle  about  4s.  3d.,  and 
a  melting  pan  4s.  iid.  One  part  of  zinc  consumes  20 
parts  of  coal,  and  from  3  to  3J  muffles  are  consumed  for 
every  i  ton  of  produced  zinc ;  i  muffle  will  last  about  47 
days.  Two  semi-detached  furnaces  cost  £120,  and  £280 
including  the  melting  house. 

The  loss  caused  by  the  process  is  about  25  per  cent ;  ores 
containing  20  per  cent  will,  therefore,  only  yield  15  per  cent. 
According  to  Klemann,  the  total  loss  of  zinc  amounts  to 
30  or  33  per  cent  of  the  zinc  contained  in  the  ore.  The 
residues  usually  contain  2  per  cent  if  the  process  has  been 
carried  on  well,  but  sometimes  as  much  as  8  per  cent. 

In  i860,  the  total  production  of  zinc  in  Silesia  amounted 
to  40,81  li^  tons. 

The  largest  of  the  zinc  works  in  Silesia,  belonging  to  the 
Silesian  Company,  is  Silesiahtitte ;  f  it  contains  180  furnaces. 
The  furnaces  with  20  muffles  are  charged  daily  with  16  cwts. 
of  calamine,  those  having  24  muffles  with  18  cwts.,  and  those 
with  26  muffles  with  i  ton.  One  furnace  consumes  on  an 
average  370  cubic  feet  of  coal,  and  yields  17  per  cent  of 
zinc ;  it  produces  annually  50  tons  of  zinc. 

The  Silesian  Company  produced  in  1859,  in  all  their  zinc 

*   B.  u.  h.  Ztg.,  1861,  p.  4x4. 

t  B.u.  h.Ztg.,  1859.P.99;  i860,  p.  244;  i86i,p.3%;  1862,  p.  344. 
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works,  with  226  furnaces,  9,880}  tons  of  raw  zinc,  at  the 
following  cost  per  cwt.  of  raw  zinc  : — 

£    5.     d. 

For  calamine 02  io'6 

„    zinc  ash o    o     1*1 

„     carriage  of  the  calamine  .007 

„    coal 03  10-5 

„     fire-clay,  &c o    o    77 

„    cast  and  wrought  iron .     .    o    o     1*3 

„     wages       o     I  II 

„    general  cost 00    47 

„     repairs 00    5*4 

„     leases 00    07 

„     sundries o    o     1*2 

Total jfo  II     1-2 

From  these  are  to  be  dedufted  for 

sundry  receipts o    o    0*3 

Leaving  a  total  cost  of  •    •    .    on    0*9 

In  1861,  274  furnaces  produced  11,926  tons  of  zinc,  at 
a  cost  of  los.  9'6d.  per  cwt.  The  average  selling  price  of 
22  years  amounted  to  17*678.  per  cwt.  The  selling  price  was 
lowest  during  the  years  1848-49,  when  it  amounted  to  only 
io-8s. 

In  1858,  the  zinc  works  of  the  Silesian  Company  produced 
from  29,243  tons  of  calamine,  4,117  tons  of  zinc,  equal  to  a 
yield  of  14*01  per  cent ;  221  furnaces  were  in  operation ;  i 
furnace  worked  13*8  cwts.  of  ore  per  day,  and  produced  2*22 
cwts.  of  zinc,  at  a  consumption  of  46*5  cwts.  of  coal ;  the 
production  of  i  cwt.  of  zinc  cost  X4S. 

In  1859,  the  44  zinc  works  in  operation  in  Upper  Silesia* 
produced  from  224,125  tons  of  calamine*  39,031  tons  of  zinc, 
equal  to  a  yield  of  i6*i2  per  cent,  consuming  612,377  tons 
of  coal.  1,569  lbs  of  coal  were  consumed  for  the  produftion 
of  I  cwt.  of  zinc,  and  the  average  cost  was  12s.  6d.  per 
cwt.,  of  which  33  per  cent  was  expended  for  coal,  17  per  cent 
fpr  wages,  and  9  per  cent  for  mu£Bes  and  repairs. 

•  B.  u.  h.  Ztg.,  i860,  pp.  327, 400 ;  i86i,  p.  263. 
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B.  The  Zinc  Works  near  Stolberg,*  work  calamine  as 
well  as  blende,  partly  by  the  old  Silesian  method,  and  partly 
by  the  Belgian-Silesian  mode. 

In  the  Zinc  Works  at  Steinfurth,t  calamine  is  treated  in 
furnaces  with  20,  24,  and  28  mufiQes.  Those  with  20  muffles 
are  charged  every  24  hours  on  both  sides,  while  the  other 
furnaces  are  charged  only  on  one  side ;  therefore,  the  fur- 
naces with  20  muffles  work  a  larger  quantity,  but  with  a 
lower  yield.  The  space  for  each  muffle  in  the  furnaces  with 
20  and  24  muffles  is  22  inches  broad,  and  that  in  furnaces 
with  28  muffles  is  26  inches ;  in  consequence  of  which  the 
latter  furnaces  consume  more  coal,  but  their  yield  is  larger. 
In  furnaces  with  28  muffles  the  yield  amounts  to  34*2  per 
cent ;  in  furnaces  with  24  muffles  to  307  per  cent ;  and  in  those 
with  20  muffles  to  25*2  per  cent ;  the  average  yield  of  cal- 
cined ore  amounts  to  30  per  cent,  and  to  2i'6  per  cent  of  the 
raw  ore,  supposing  the  raw  ore  to  lose  28  per  cent  in  weight 
by  the  calcining  process.  Eight  cwts.  of  calamine  are  cal- 
cined in  six  hours  by  means  of  the  flame  escaping  from  the 
reducing  furnaces.  The  calamine  is  mixed  with  from  40  to 
48  per  cent  of  non-caking  coal  for  the  purpose  of  redudtion. 
344  muffles  produced  in  one  month  from  283J  tons  of  cal- 
cined calamine,  83J  tons  of  zinc ;  consuming  739J  tons  of 
coal  for  heating  the  furnaces,  and  161  tons  of  reducing 
coal,  besides  120  muffles.  The  yield  of  the  raw  ore  amounted 
to  24*5  per  cent,  and  that  of  the  cacined  ore  to  29*5  per  cent. 
The  expenses  for  wages  were  £180.  The  muffles  which  are 
manufaftured  of  i  part  of  Andenne  clay,  and  2  parts  of  old 
burned  clay,  cost  4s.  a  piece ;  a  clay  cone  cost  3'35d. 

The  cost  for  the  produftion  of  i  cwt.  of  zinc  amounts 
to  £1 ;  namely,  lo'gs.  for  ore,  5s.  for  coal  for  heating  the 
furnace,  o*87s.  for  reduftion  coal,  2*22s.  for  wages  and 
premiums,  o*2is.  for  tools,  o'5is.  for  muffles,  cones,  &c., 
o'27s.  for  superintendence,  and  o'i2s.  for  sundries. 


*  Ann.  d.  min.,  4  8^r.,  x.,  511-    B.  u.  h.  Ztg.,  1847,  p.  289;  Bgwkfd.,  vi., 
10;  xvii.,  321. 
f  B.  u.  h.  Ztg.,  i860,  pp.  92,  495. 
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Illustrations  of  the  Processes  for  the  Treatment  of 

Blende. 

At  Heinrichshiitte,  near  Mttnsterbusch,  in  the  Stolberg 
distridl,  12  cwts.  of  ground  blende  are  roasted  in  a  rever- 
beratory  furnace  for  24  hours,  and  consume  46  cubic  feet  of 
coal,  causing  a  loss  of  16  per  cent.  Three  cwts.  of  raw  ore, 
containing  45  per  cent  of  zinc,  yielded  by  the  reduction  pro- 
cess I  cwt.  of  zinc,  which  is  equal  to  33  per  cent,  consuming 
II  cwts.  of  coal,  at  a  cost  of  £1. 

The  muffles  are  made  either  in  vertical  moulds,  in  which  one 
workman  will  make  three  in  a  day  at  7'8d.  each,  or  in  moulds 
placed  longitudinally  on  the  floor,  in  which  case  one  workman 
is  able  to  turn  out  six  or  seven  muffles  per  day  at  3*9d.  each. ' 
The  completed  muffles  are  dried  by  standing  close  to  a  stove 
for  one  day  ;  they  are  then  kept  in  a  heated  chamber  for  four 
or  five  weeks,  and  afterwards  in  store  for  at  least  a  year. 
One  dried  muffle  weighs  180  lbs.,  costs  5s.,  and  lasts,  on  an 
average,  70  days. 

In  i860  these  zinc  works  produced  about  31259  tons  of 
zinc. 

At  Friedrichs-Wilhelmhiitte,  near  Stolberg,  blende  of 
Bensberg,  Dipenlienchen,  Spain,  &c.,  containing  45  per  cent 
of  zinc,  is  worked.  The  roasted  blende  contains  53*5  per 
cent  of  zinc,  as  the  loss  of  roasting  amounts  to  16  per  cent ; 
and  the  jrield  of  the  raw  ore  by  the  reduftion  process  is 
32*4  per  cent  and  i'8  per  cent  of  zinc  dust ;  the  zinc  dust 
again  yields  90  per  cent  of  zinc.  The  total  loss  of  zinc 
amounts  to  about  27  per  cent,  and  in  24  hours  one  furnace 
produces  as  much  as  44  lbs.  of  zinc  dust,  or  nearly  four  per 
cent  of  the  roasted  ore.  The  residues  in  the  muffles  contain 
from  9  to  13  per  cent  of  zinc.  The  ore  is  mixed  with  from 
55  to  60  per  cent  of  coal  for  the  purpose  of  its  redudlion,  and 
the  heating  coal  is  about  four  times  the  weight  of  the  raw 
ore  treated.  In  24  hours  one  furnace  consumes  altogether 
about  70  cubic  feet  of  coal.  One  muffle  weighs  105  lbs.,  and 
costs  7'2d.  to  make  ;  it  lasts  92  days  or  more. 

2I  tons  of  blende  are  roasted  daily  in  one  reverberatory 
furnace  ;  the  expenses  are — 
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£      S.     d. 

2\  tons  of  blende 9    5    o 

4    workmen  (wages) 070 

14*2  cubic  feet  of  coal 044 

46  cwts.  36  lbs.  roasted  blende  cost    £g  16    4 

In  1861,  3,505  tons  of  zinc  were  produced,  for  which  290 
workmen  and  35  furnaces  were  employed. 

At  Llansamlet,  near  Swansea,*  argentiferous  blende  is 
roasted,  the  silver  extrafted  by  the  wet  way,  and  the  residue 
treated  for  the  produdtion  of  zinc  in  reduction  furnaces  with 
24  muffles.  These  muffles  are  charged  with  1,568  lbs.  of  de- 
silverised  blende,  150  lbs.  of  the  zinc  dross  of  the  re-melting 
on  the  previous  day,  5  cwts.  of  pure  bituminous  coal,  and 
2  cwts.  of  cinders.  Each  muffle  contains  71  lbs.  of  zinci- 
ferous produfts ;  the  muffles  nearest  the  fire-place  are  charged 
with  larger  quantities  than  the  other  muffles.  Two  workmen 
remove  the  residues  and  charge  the  two  muffles  standing 
under  one  arch,  at  six  o'clock  in  the  morning,  which  operation 
takes  three  or  four  hours.  About  five  hours  afterwards,  the 
condensation  of  zinc  commences  in  the  receivers,  and  con- 
tinues till  three  or  four  o'clock  on  the  following  morning,  but 
it  decreases  towards  six  o'clock,  when  the  removing  and 
re-charging  is  effedted ;  the  resulting  zinc  is  re-melted  in 
iron  pans. 

Roasted  blende,  containing  43*4  per  cent  of  zinc,  yields 
36  per  cent.  The  loss  of  zinc  in  the  roasting  process 
amounts  to  ij  per  cent,  in  the  reducing  process  to  7*4  per 
cent ;  9  per  cent  in  all.  The  consumption  in  24  hours 
amounts  to  i  ton  4  cwts.  2  qrs.  of  bituminous  coal  to  i  ton 
8  cwts.  of  non-caking  coal,  and  to  5  cwts.  of  cinders,  alto- 
gether to  2  tons  17  cwts.,  2  qrs.,  or  nearly  11 J  tons  per 
I  ton  of  zinc.  The  operations  of  one  furnace  lasts  about 
13  months,  and  every  four  years  the  furnace  has  to  be  rebuilt 
from  the  grate  upwards.  The  muffles  are  charged  with  but 
little  ore  at  the  commencement  of  the  operation  till  the 
seventh  day,  when  the  full  charge  is  given.  New  muffles 
absorb  large  quantities  of  metal. 

*  Percy,  Metallurgy,  i.,  558: 
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THE  BELGIAN -8ILESI AN   SYSTEM   OP  EXTRACTING 

ZINC. 

The  furnaces  used  in  this  method  are  so  construdted  as  to 
condu<5l  the  flame  round  the  muffles,  and  then  beneath  the 
furnace  into  a  flue  which  communicates  with  a  chimney. 
This  arrangement  does  not  allow  the  use  of  the  escaping  flame 
for  calcining  and  other  purposes,  but  it  effedts  a  more  uniform 
heating  of  the  muffles,  and  their  lower  part  is  especially 
better  heated  than  in  the  old  Silesian  furnaces ;  the  smoke 
which  is  so  very  troublesome  to  the  workmen  in  the  Silesian 
furnaces,  is  also  avoided,  and  the  fuel  is  considerably  econo- 
mised. Bituminous  flaming  coal  must  be  employed ;  if  the 
muffles  of  these  furnaces  become  defedlive  they  usually  cause 
a  larger  loss  of  zinc  than  defedlive  muffles  in  common  Silesian 
furnaces.  These  furnaces  also  differ  from  the  old  Silesian 
furnaces  in  allowing  the  liquid  zinc  to  run  diredt  from  the 
adapters  into  moulds. 

In  order  to  increase  the  production  and  economise  the 
fuel,  the  muffles  have  been  enlarged  and  increased  in  number, 
namely,  from  20  to  24,  38,  32, 36,  or  even  40.  Furnaces  with 
32  muffles  are  the  most  common.  One  muffle  requires  about 
I  cwt.  of  ore  in  24  hours. 

Experiments  have  been  made  at  Valentin  Cocq  and 
Flone : — a,  with  furnaces  having  24  muffles,  1*30  metres  long, 
0*55  metre  high,  and  0*22  metre  broad ;  6,  with  furnaces  of 
28  muffles  of  the  same  dimensions ;  c,  with  furnaces  of  32 
muffles  and  the  same  dimensions;  and  d,  with  furnaces 
having  32  muffles,  each  1*4  metres  long,  0'6  metre  high, 
and  0*22  metre  broad,  and  in  24  hours  the  following  results 
were  obtained  from  one  furnace  : — 
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The  furnaces,  a,  c,  and  i,  consumed  respeftively  796,  656, 
and  614  lbs.  of  fuel  per  100  lbs.  of  zinc,  and  the  wages 
amounted  respedtively  to  is.  ii-6d.,  is.  57d.,  and  is.  3'3d. 
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The  adapters  rest,  as  in  the  Silesian  furnaces,  upon  a  sup- 
port which  at  the  same  time  divides  the  front  of  the  muffle 
into  two  parts,  the  lower  of  which  serves  for  removing  the 
residues.  The  adapters  are  of  different  constructions  at 
Valentin  Cocq,*     They  consist  of  a  tube  (v)  (Fig.  122),  fur- 

FiG.  122. 


nished  with  a  swelling  on  its  lower  side ;  its  aperture  in  the 
front  is  closed  by  a  clay  plug  (s). 

At  the  zinc  works  in  Moriston,t  near  Swansea,  the  adapters 
(Fig.  123)  are  provided  with  apertures  above  their  lowest 

Fig. 


points  which  are  closed  with  clay  plugs,  so  as  to  allow  the  zinc 
to  be  tapped  off  from  different  levels ;  it  is  therefore  of 
varying  purity.  If  the  ores  contain  an  amount  of  lead  which 
becomes  volatilised,  it  will  condense  and  remain  in  the 
swelling  of  the  adapter,  and  thus  a  purer  zinc  results. 

The  same  result  is  obtained  by  the  arrangement  at  Bor- 
beckl  (Fig.  124).    The  adapter  (a)  resting  upon  an  iron  sup- 

FiG.  124. 


VOL.  I 


*  B.  u.  h.  Ztg.,  i860,  p.  47. 
f  Ibid.,  186I1  p.  430. 
I  Ibid.,  i860,  p.  100. 
2  G 
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port  (6)  is  hermetically  closed  by  a  luted  clay  plate  (c),  behind 
which  the  zinc  colledts.  Zinc  can  be  made  to  run  out  by 
a  tapping  hole.  On  its  upper  part  the  clay  plate  has  an 
opening  two  inches  wide  for  the  escape  of  the  gases,  and 
this  aperture  is  surrounded  by  a  circular  projedlion  (rf),  to 
which  the  vessel  for  receiving  the  zinc  dust  may  be  fixed. 

The  construdlion  of  a  Belgian-Silesian  furnace  with  32 
muffles  is  shown  in  Figs.  125, 126, 127, 128,  and  129.  a,  a,  are 

Fig.  125. 
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Fig.  128. 


Fig.  129. 
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partition  walls  forming  niches,  each  for  the  reception  of  two 
muffles ;  they  also  support  the  arched  roof  of  the  furnace, 
and  allow  the  muffles  to  be  fixed  by  their  front,  and  keep  off 
any  cold  air  which  may  enter;  6,  b,  are  channels  condudling 
the  flame  near  to  the  mouths  of  the  muffles  by  means  of  the 
flues  (d).  These  flues  are  larger  the  farther  they  are  from 
the  fire-place  (Moriston,  near  Swansea),  in  order  to  induce  a 
more  uniform  distribution  of  the  flame.  The  channels  (6,  b) 
either  communicate  with  the  clay  tubes  (/)  (Valentin  Cocq), 
8'6  metres  high,  0*45  metre  upper  and  0*35  metre  lower 
diameter,  which  are  formed  in  moulds,*  or  the  flame  of  all 
the  furnaces  is  condudted  into  one  chimney ;  c,  c,  are  chan- 
nels for  receiving  residues,  which  fall  into  the  vaulted  space 
(i),  which  crosses  the  chief  vault  (A) ;  k  is  used  for  working 
under  the  grate,  for  coUedling  and  removing  the  ash,  &c. ;  e, 
an  opening  for  charging  fuel ;  g,  flue  for  letting  the  flame 
escape,  as  in  the  old  Silesian  process ;  A,  the  bridge  or  support 
in  the  muffles  for  the  adapters  to  rest  upon  ;  /,  space  between 
two  furnaces,  formerly  used  for  calcining  calamine,  and  now 
for  re-melting  zinc,  except  in  larger  furnaces  where  it  is  now 
done  away  with  ;  m,  muffles  standing  with  their  backs  some- 
what higher,  and  two  inches  distant  from  the  partition  walls 
(a).  As  the  fire-place  becomes  enlarged,  the  muffles  are 
moved  to  the  front,  often  up  to  the  channel  c ;  n,  are  niches ; 
0  (Fig.  129),  is  a  door  or  frame  for  the  niches,  construcfted  of 
strong  band-iron,  and  coated  with  loam.  The  mouths  of  the 
adapters  (p)  projedl  from  the  upper  part  of  that  frame,  whilst 
its  lower  open  part  (q)  may  be  closed  with  a  door  (r),  coated 
with  loam  if  the  temperature  of  the  adapters  requires  it.  If 
adapters  are  employed,  like  a  in  Fig.  124,  the  whole  frame 
(0)  is  not  required,  but  only  the  door  (r),  and  the  upper  part 
may  be  walled  up  with  bricks  ;  «  is  a  receiver  fixed  to  the 
adapter  (v) ;  t  is  the  fire-place  construfted  of  the  best  fire- 
bricks of  the  form  shown.  The  walls  (a),  the  hearth  sole, 
and  the  places  where  the  channels  (6)  join,  also  require  bricks 
composed  of  the  materials  used  in  the  manufacture  of  the 
muffles. 

*  B.  u.  h.  Ztg.j  i860,  p.  31- 
2  G  2 
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A  good  furnace  lasts  on  an  average  two  years,  and  con- 
sumes about  eight  muffles  per  month. 

At  the  zinc  works  at  Birkengang,*  near  Stolberg,  furnaces 
are  construdled  with  two  rows  of  muffles  one  above  the  other, 
as  shown  by  Fig.  130.     The  upper  muffles  (a)  are  longer  than 

Fig.  130. 


the  lower  muffles  (6)  by  10  centim. ;  both  are  o'2i  metre 
broad.  Their  front  is  placed  upon  an  inclined  iron  plate  (c),  and 
their  back  on  the  wall  {d),  which  is  construdled  of  fire-bricks, 
and  rests  upon  pillars  standing  between  the  niches.  One  of 
these  furnaces  has  60  muffles,  3  in  each  niche,  0*84  metre 
wide.  The  partition  walls  are  o'l  metre  thick.  The  flame 
rises  from  the  fire-place  (e)  to  the  arched  roof,  plays  com- 
pletely round  the  upper  muffles,  and  passing  the  spaces 
between  the  upper  and  lower  muffles,  enters  the  channel  (/), 
which  communicates  with  the  chimney.  As  the  upper  muffles 
are  exposed  to  a  higher  heat,  they  are  somewhat  larger,  and 

*  B.  u.  h.  Ztg.,  i86i»  p.  407  ;  1862,  p.  140. 


Digitized  by  VjOOQIC 


DISTILLATION   OF  ZINC.  453 

require  to  be  oftener  replaced  than  the  lower  ones.  The 
muffles  are  furnished  with  adapters  (g),  and  with  receivers 
(A),  which  are  suspended  on  iron  wire. 

One  of  these  furnaces  with  60  muffles  consumes  about 
95  cubic  feet  of  coal  in  24  hours,  while  the  old  furnaces 
with  30  muffles  consume  about  70  cubic  feet  in  the  same 
time,  showing  a  saving  of  about  25  per  cent.  A  double 
furnace  costs  about  £350. 

The  operations  in  these  furnaces  begin  at  three  or  four 
o'clock  in  the  morning,  after  the  muffles  have  been  put  in 
order  on  the  previous  day,  by  a  removal  of  the  residues  and 
a  new  charging.  The  operations  are  begun  thus  early,  in 
order  that  the  chief  distillation  may  be  controlled  during  the 
day,  and  also  for  the  comfort  of  the  workmen  in  the  hot 
season.  The  zinc  is  then  removed  from  the  adapters,  and 
from  36  to  40  Ibs^  of  ore  are  added  to  each  of  the  muffles 
through  the  adapters  without  removing  the  residues,  the  clay 
plugs  are  fixed,  and  the  other  side  of  the  furnace  operated  on. 
The  muffles  are  here  charged  in  the  usual  way  with  from 
74  to  80  lbs.  of  ore,  previously  removing  the  residues,  and 
the  distillation  commences.  These  manipulations  are  finished 
in  about  four  or  five  hours  if  no  repairs  or  changing  of  muffles, 
&c.,  are  required.  This  mode  of  carrying  on  the  process 
differs  from  the  common  Silesian  mode,  in  which  one  side  of 
the  furnace  is  charged  anew  everj'  48  hours,  (which  seems 
irrational,  as  ^rd  of  the  mixture  remains  in  the  furnace  only 
half  the  time),  but  no  better  mode  with  regard  to  large 
produdtion  is  at  present  known. 

A  strong  flame  appears  soon  after  charging ;  it  is  asso- 
ciated with  zinc  vapour,  and  diminishes  after  about  two 
hours.  An  hour  later  the  distillation  of  liquid  zinc  commences. 
The  liquid  zinc  is  removed  from  the  adapters  in  the  evening 
and  again  the  following  morning. 

At  the  beginning  of  the  distillation  a  gentle  heat  is  given 
to  prevent  the  formation  of  too  much  zinc  dust,  which  is  col- 
ledted  in  the  receivers  as  the  adapters  are  still  too  cold. 
But  a  high  uniform  temperature,  depending  on  the  resistance 
of  the  distilling  vessels  to  fusibility,  is  then  kept  up,  and  that 
of  the  adapters  is  regulated  by  the  before-mentioned  doors. 
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The  adapters  must  also  be  frequently  cleared,  chiefly  at  the 
commencement  of  the  operation,  when  the  formation  of  zinc 
dust  is  abundant. 

The  smaller  furnaces  are  attended  by  two,  and  the  larger 
by  four  workmen  ;  there  are  also  two  assistants  to  every  two 
furnaces,  their  business  being  to  keep  up  the  fire,  and  one 
assistant  to  every  four  or  five  furnaces  to  keep  the  adapters 
free  from  zinc  dust. 


Illustrations  of  the  above  Described  Process* 

At  Valentin  Cocq  and  Flone,*  in  Belgium,  calamine  from 
Moresnet  and  Spain  is  worked  under  favourable  circum- 
stances. I  ton  of  coal  costs  7s.  gd.,  i  ton  of  Belgian  clay 
about  I2S.  3d.,  a  mufiie  3s.  lod.,  an  adapter  27d.,  and  i  ton 
of  fire-bricks  £1.  9s.,  or  £1  4s.,  according  to  quality.  In 
12  hours  one  workman  makes  3  muffles,  or  from  25  to  30 
adapters,  and  receives  lojd.  for  each  muffle,  and  about  gd. 
for  one  dozen  adapters.  About  38  per  cent  of  zinc  is  pro- 
duced from  calamine  containing  50  per  cent.  The  cost  of 
producing  200  lbs.  of  zinc  is  about  9s.  loj^d. ;  namely,  5s.  gd. 
for  coal,  3s.  3d.  for  labour,  6d.  for  muffles,  and  4Jd.  for  other 
refradlory  materials,  and  cast  and  wrought  iron. 

At  Berge-Borbeck,t  i  ton  of  Belgian  clay  costs  £1  5s.  7d., 
I  ton  of  Rhenish  clay  lis.  8d.,  and  of  coal  lis.  id.  The 
roasted  blende,  containing  from  48  to  50  per  cent  of  zinc,  is 
worked  together  with  calamine  containing  from  25  to  30  per 
cent  of  zinc,  and  the  yield  amounts  to  35  or  37  per  cent  of 
zinc.  The  cost  for  producing  200  lbs.  of  zinc  amoimts  to 
13s.  iid.,  which  is  about  4s.  more  than  in  Belgium. 

In  1861,  3,423  tons  8  cwts.  of  zinc  were  produced  from 
8,770  tons  II  cwts.  of  roasted  ores,  consuming  23,911  tons 
of  coal ;  270  workmen  and  20  reducing  furnaces  were  em- 
ployed. 6  roasting  furnaces  produced  4,018  tons  of  roasted 
ores,  while  consuming  1,347  tons  of  coal. 


*  B.  u.  h.  Ztg.,  i860,  p.  31. 
f  Ibid.,  i860,  p.  97  ;  1861,  ] 


1861,  p.  390. 
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THE  OLD  ENGLISH   PROCESS  FOR  REDUCING   ZINC. 

This  process  is  almost  obsolete,  but  it  is  still  in  use  at 
the  Zinc  Works,*  near  Neath,  where  it  is  employed  for  the 
re-distillation  of  zinc  scraps  and  other  waste ;  but  not  for  the 
treatment  of  ores. 

In  this  process  the  distillation  takes  place  in  closed  cru- 
cibles ;  the  volatilised  zinc  is  made  to  pass  through  an 
orifice  at  the  bottom  of  the  crucibles,  and  into  a  vertical  iron 
tube,  where  the  vapours  of  zinc  condense  and  drop  into  a 
vessel  standing  beneath.  The  crucibles  last  a  long  time,  and 
the  consumption  of  clay  is  therefore  very  small ;  but,  on  the 
other  hand,  a  considerable  consumption  of  coal  takes  place. 
Whilst  in  the  Belgian  process  i  part  of  zinc  requires  from 
6  to  8  parts  of  bituminous  coal  for  its  produdlion,  in  the  Sile- 
sian  process  from  15  to  20  parts  of  non -caking  coal,  and  in  the 
Belgian-Silesian  process  about  7  parts  of  bituminous  coal ; 
in  the  old  English  process  from  24  to  27  parts  of  bituminous 
coal  are  required,  and  rich  residues  are  formed,  whose  re- 
moval is  troublesome,  and  the  produftion  is  comparatively 
small. 

The  furnaces  f  used  are  sometimes  redlangular  and  some- 
times round;  round  furnaces  being  preferable.  They  are 
mounted  with  from  6  to  8  crucibles  or  pots  (vide  Fig.  131), 
arched  over  with  a  cupola  (a),  placed  under  a  conical  chimney 
(6),which  serves  to  give  a  strong  draught  and  to  carry 
off  the  smoke.  In  this  cone  there  are  as  many  doors  {c,c,c) 
as  there  are  pots  on  the  furnace,  and  an  equal  number  of 
vents  {d,  d,  d)  in  the  cupola,  through  which  the  smoke  may 
escape,  and  the  pots  may  be  set.  In  the  surrounding  wall 
there  are  holes  for  removing  any  pots  which  may  have 
become  unserviceable  ;  after  the  pots  are  set,  these  holes  are 
bricked  up.  Before  being  set,  the  pots  are  heated  to  igni- 
tion in  a  reverberatory  furnace,  and  are  put  in  by  means  of 
iron  tongs  supported  upon  two  wheels,  like  those  used  for 
glass-house  pots,  e,  is  the  grate ;  /,  the  door  for  fuel ;  g, 
the  ash-pit.    The  pots  (A,  h,  h)  have  holes  in  the  centre  of 

*  B.  u.  h.  Ztg.,  1861,  p.  430. 

f  Dr.  Urb's  Didiionary  of  Arts,  &c.,  iii.,  1126. 
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Fig.  132. 
their  bottom,  which  are  closed  with  wooden  plugs,  when  they 
are  set,  charged  with  ore  mixed  with  coal,  to  prevent  the 
mixture  from  falling  through  the  orifice ;  when  the  heat 
rises  the  plugs  are  consumed.  The  sole  of  the  hearth  (i,  i) 
upon  which  the  crucibles  stand  is  perforated  under  each  of 
them,  so  that  they  can  be  reached  from  below ;  when  the 
distillation  begins,  a  long  sheet  iron  pipe  (k)  is  joined  to  the 
bottom  orifice  of  the  pots,  and  the  end  of  the  pipe  dips  into  a 
vessel  (/)  for  receiving  the  drops  of  condensed  zinc.  The 
pot  is  charged  from  above,  through  an  orifice  in  the  lid, 
which  is  left  open  after  the  firing  until  the  bluish  colour  of 
the  flame  indicates  the  volatilisation  of  the  metal,  when  the 
hole  is  immediately  covered  with  a  fire  tile  (w).  The  iron 
tubes  are  liable  to  become  obstrudted  during  the  distillation, 
and  must  therefore  be  occasionally  cleared  by  means  of  an 
iron  bar.  i,  2  is  the  level  of  the  upper  floor;  3, 4  the  level 
of  the  lower  ceiling  of  the  lower  floor. 

Fig.  132  is  the  ground  plan  on  the  level  of  i,  2,  and  only 
one  half  is  shown. 

The  crucibles  are  charged  in  the  following  manner : — A 
vessel  full  of  coke  is  put  on  the  bottom  of  the  crucible,  on 
that  a  vessel  full  of  small  coke,  upon  which  four  vessels  full 
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of  roasted  blende  are  charged,  and  again  four  vessels  full  of 
coke  ;  the  crucible  is  thus  filled  by  alternate  layers,  and  con- 
tains six  vessels  full  of  coarse  coke,  one  vessel  of  small  coke, 
and  four  vessels  of  blende.  Six  crucibles  of  a  furnace  contain 
I  ton  of  roasted  ore,  and  yield  from  6  to  8  cwts.  of  zinc.  After 
the  lid  is  fixed  and  luted  the  firing  begins,  and  a  brown 
flame  soon  appears  at  the  orifice  at  the  bottom.  As  soon  as 
this  flame  assumes  a  bluish-white  hue,  the  iron  tube  is  fixed 
to  the  crucible,  and  the  condensed  zinc  then  drops  into  the 
vessel;  any  flame  at  the  end  of  the  tube  must  be  extinguished. 

In  about  67  hours,  when  no  more  zinc  is  produced,  the 
process  is  finished.  The  lid  and  tubes  are  then  removed,  the 
residues  taken  out,  and  the  furnace  charged  afresh.  The 
resulting  raw  zinc  is  re-melted  in  iron  pots,  skimmed,  and 
poured  into  moulds. 

The  production  of  i  ton  of  zinc  costs  3^22 ;  namely,  for 
coal  £Ty  for  labour  £5  5s.,  for  clay,  bricks,  &c.  ^fi,  for 
3  tons  of  blende  from  {^z  15s.  to  ^f 3  5s.  At  Stourbridge  i  ton 
of  clay  costs  from  11  to  12s. 

The  Belgian  process  has  been  adopted  at  most  of  the  zinc 
works  in  South  Wales,  and  the  Belgian-Silesian  method  in 
some  cases.  In  i860,  15,552  tons  of  zinc  blende  of  Corn- 
wall, Derbyshire,  Cardiganshire,  North  Wales,  Ireland,  and 
of  the  Isle  of  Man,  were  worked,  with  a  yield  of  28  per  cent  of 
zinc,  besides  4,368  tons  of  ore  from  Sweden,  France,  and 
Spain  ;  3,434  tons  of  calamine,  containing  from  64  to  68  per 
cent  of  zinc,  were  imported  from  Spain. 

In  i860,  4,422  tons  of  zinc  were  produced  in  England, 
29,215  tons  imported,  and  7,797  tons  exported. 

In  1865,  the  imports  amounted  to  30,685  tons  of  zinc, 
5,158  tons  of  ore  of  zinc,  and  to  1,506  tons  of  oxide  of  zinc. 

£xtra(5tion  of  Zinc  in  Cupola  and  Reverberatory 
Furnaces. 

All  the  processes  already  described  for  extrafting  zinc  pos- 
sess one  or  two  disadvantages  in  various  degrees,  f.^.,  a  great 
consumption  of  fuel  and  fire-clay,  and  great  expenses  for 
labour,  owing  to  the  long  time  required  for  distillation.  Many 
trials  have  been  made  with  the  objedl  of  simplifying  the 
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processes,  and  to  improve  them  by  applying  cupola  and  re- 
verberatory  furnaces,  and  many  other  apparatus  of  different 
construdtion.  Experiments  with  reverberatory  furnaces  have 
not  proved  successful,  owing  to  the  inclination  of  zinc  vapour 
to  oxidise  on  coming  into  contadt  with  atmospheric  air,  steam, 
and  carbonic  acid,  and  also  on  account  of  the  great  volatility 
of  the  metal. 

In  the  trials  with  cupola  furnaces  much  oxide  of  zinc  and 
very  little  zinc  were  always  produced,  the  oxide  then  re- 
quiring the  usual  treatment  in  retorts.  It  has  already  been 
mentioned  that  cupola  furnaces  are  employed  for  the  pro- 
dudlion  of  rich  material  for  the  distillation  process,  formerly 
by  Duclos  de  Bussois*  and  Normandy,  +  and  lately  by  F. 
Thum. 

At  Lancaster,!  in  Pennsylvania,  oxide  of  zinc  is  produced 
by  treating  roasted  blende  with  coal  in  reverberatory  furnaces. 

Illustrations  of  the  above-described  Processes. 

At  the  smelting  works  of  the  Upper  Hartz||  roasted  blende 
has  been  worked  in  a  cupola  furnace  i6  feet  high,  and  of  the 
form  of  an  iron  blast  furnace.  The  fuel  was  charged  together 
with  the  blende,  which  was  expefted  to  produce  zinc 
vapour ;  on  entering  the  hot  part  of  the  furnace,  the  furnace 
being  heated  with  a  hot  blast,  it  was  further  anticipated  that 
the  zinc  vapour  would  pass  through  openings  of  the  shaft 
into  a  space  which  surrounded  the  furnace  like  a  mantle, 
and  there  become  condensed  so  as  to  run  off  as  liquid  zinc  ; 
but  oxide  of  zinc  only  was  obtained. 

Hollunder§  and  Mentzel,1F  in  Upper  Silesia,  have  made 
similar  experiments  with  the  same  results. 

Broomann*s**  method  has  some  similarity  with  the  experi- 
ments of  the  Upper  Hartz,  but  the  zinc  vapour  is  condudted 
some  height  above  the  boshes  of  the  furnace  into  channels 
surrounded  with  flowing  water.    This  furnace  was  lately 

•  Bgwkfd.,  vi.,  377. 
+  B.  u.  h.  Ztg,,  1848,  p.  393. 
X  Ibid.,  1862,  p.  264. 
II  Ibid.,  1853.  p.  33- 
§  Karst.,  Arch.,  xii.,  392. 
II  Lamp.,  Fortschr.,  1839,  p.  248. 
••  B.  u.  h.  Ztg.,  1851,  p.  385.    Polyt.  Centr.,  1861,  p.  235.    Bgwkfd,  xiv.,  612. 
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improved  by  being  furnished  with  several  tiers  of  horizontal 
tubes  with  their  mouths  inside  the  furnace,  and  communi- 
cating on  the  other  side  with  vertical  tubes;  this  was  in  • 
order  to  obtain  more  control  over  the  draught,  and  to  enable 
the  zinc  vapour  to  condense  better.  The  roasted  ore  was 
charged  in  the  furnace  with  alternate  layers  of  fuel. 

The  first  experiments  were  made  at  Jemeppe,  in  Belgium. 
A  larger  apparatus  was  more  recently  tried  in  Konigshiitte,* 
in  Upper  Silesia,  where  a  ferruginous  calamine  was  treated 
with  the  intention  of  producing  zinc  and  pig  iron  at  the 
same  time ;  a  more  or  less  inferior  pig  iron  resulted,  besides 
oxide  of  zinc,  and  more  coke  was  consumed  than  when  pro- 
ducing iron  in  the  usual  manner.  Experiments  at  Stolbergt 
gave  equally  bad  results. 

D.  Rochaz  t  has  construdled  a  receiver  on  the  top  of  a  blast 
cupola  furnace  into  which  he  conducts  the  zinc  by  means  of 
two  tubes  surrounded  by  flowing  water.  Ore  and  fuel  are 
charged  sideways  into  the  furnace  whilst  the  air  is  excluded. 

E.  Dyar'il  has  employed  a  furnace  furnished  with  two 
shafts,  one  deeper  and  wider  than  the  other,  and  provided 
with  a  blast,  each  communicating  with  the  other  by  a 
channel.  Carbonic  oxide  gas  is  produced  in  the  larger  shaft 
by  burning  coal  or  coke,  and  is  condudled  into  the  smaller 
shaft  in  order  to  reduce  the  zinc  ore  which  is  kept  there  ;  the 
formed  zinc  vapours  are  condudled  into  a  receiver. 

F.  Darlington§  decomposes  the  zinc  ore  in  a  cupola  or 
reverberatory  furnace  by  means  of  lime,  iron  refinery  cinders, 
&c.,  and  conducts  the  oxide  of  zinc  formed  through  heated 
tubes  filled  with  coal. 

A.  AccarinlT  charges  red  hot  ore  and  fuel  into  a  cupola 
furnace  in  alternate  layers ;  the  furnace  mouth  is  then 
closed,  and  provided  with  a  tube  for  condufting  the  gases 
into  condensation  chambers.    The  quantity  of  fuel  is  lessened 

•  B.  u.  h.  Ztg.,  1858,  p.  187;  i860,  p.  395;   1861,  p.  428.     Polyt.  Ccntr., 
1855,  pp.  66,  1337. 
f  Preuss.  Ztschr.,  1861,  Bd.  9,  pp.,  163,  407. 

X  Dingl.,  ex.,  100.    Bgwkfd.,  xii.,  248.     Polyt.  Centr.,  1847,  P*  '^46. 
li  Bgwkfd.,  ii.,  381 ;  v.,  9.    Polyt.  Centr.,  1847,  P-  ^^^ 
§  Berggeist,  1857,  No.  11. 
H  Schles.  Wochenschr.,  1861,  No.  17. 
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in  order  to  decrease  the  quantity  of  the  combustion  gases 
and  to  obtain  a  more  perfeA  condensation  of  the  zinc. 

H.  Miiller  and  Lencauchez*  have  investigated  the  condi- 
tions under  which  zinc,  as  such,  can  be  produced  in  cupola 
furnaces.  They  have  constru(5led  a  furnace  for  this  purpose. 
After  having  been  formed  into  bricks,  together  with  fuel  and 
lime,  the  ore  is  charged  and  then  strongly  heated.  The 
zinc,  in  form  of  vapour  and  reduced  at  the  level  of  the  boshes 
where  carbonic  oxide  gas  is  present,  is  condudted  from  the 
furnace  to  the  receiver,  and  is  condensed  in  an  atmosphere  of 
carbonic  oxide  gas. 

This  rather  complicated  apparatus  has  given  no  satisfac- 
tory results. 

TREATMENT  OF  THE  PRODUCTS  OF  THE  REDUCING 

PROCESSES. 

a.  Re- Melting  and  Refining  the  Raw  Zinc. 

These  produdls  are  raw  zinc,  zinc  dust,  deposits,  and  residues. 
The  zinc  resulting  from  the  Belgian  and  Belgian-Silesian 
processes  is  sufficiently  pure  to  be  fit  for  market,  but  the  zinc 
produced  by  the  Silesian  process  is  always  more  or  less  con- 
taminated by  oxide  of  zinc,  coal  dust,  &c.,  and  requires  re- 
melting  in  iron  or  clay  pots.  Some  kinds  are  very  impure, 
and  require  a  calcination  in  reverberatory  furnaces,  particu- 
larly if  they  contain  much  lead. 

The  pots  are  sometimes  heated  by  the  flame  escaping  from 
the  reducing  furnaces,  and  sometimes  by  a  separate  firing. 
The  iron  pots  are  usually  corroded  by  the  zinc  after  three  or 
four  weeks ;  the  zinc  becomes  ferruginous  and  assumes  a 
duller  bluish  lustre  which  it  does  not  possess  when  melted 
in  clay  pots.  But  as  clay  pots  are  liable  to  break,  iron  ones 
are  frequently  preferred,  as,  for  instance,  at  Llansamlet,  near 
Swansea.  The  pots  (a)  there  used  are  represented  by  Figs. 
133  and  134,  and  eight  cwts.  of  zinc  are  melted  in  them  in 
J  or  J  of  an  hour.  The  zinc  is  stirred  from  time  to  time, 
then  allowed  to  settle  for  some  time,  skimmed  off  by  means 

*  B.  u.  h.  Ztg.,  1861,  p.  311.  Oesterr.  Ztschr.,  1861,  p.  228  (with  draw- 
ings). 
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Fig.  133. 


of  a  perforated  ladle,  and  poured  into  iron  moulds,  which 
form  it  into  plates  or  slabs. 

The  scum  or  zinc  ash  consists  chiefly  of  oxide  of  zinc  and 
finely  divided  zinc,  and  contains  most  of  the  foreign  sub- 
stances, except  lead.  In  order  to  separate  this  as  much 
as  possible,  the  zinc,  after  being  skimmed,  is  allowed  to  cool 
for  about  15  or  20  minutes  almost  to  the  point  of  solidifica- 
tion ;  the  greater  part  of  the  lead  will  then  collecft  on  the 
bottom  of  the  pan.  This  part  of  the  contents  of  the  pan  is 
kept  separate,  and  if  sufficient  of  this  plumbiferous  zinc  has 
been  colledled,  it  is  re-melted  and  treated  in  the  same  manner. 
It  is  difficult  to  regulate  the  temperature  at  the  re-melting 
operation,  as  it  must  be  kept  rather  high,  but  must  not  ex- 
ceed a  certain  limit,  or  a  great  loss  by  volatilisation  and 
burning  of  zinc  will  take  place.  Burned  zinc  (a  mixture  of 
zinc  and  oxide  of  zinc)  is  pasty,  and,  when  solidified,  less 
dudtile  and  not  easily  cut  by  chisel  and  file,  which  is  a  dis- 
advantage when  using  zinc  for  castings.  Burned  zinc  results 
chiefly  when  melting  zinc  in  plumbago  crucibles  with  coke 
firing,  and,  as  it  is  impossible  to  purify  it  cheaply,  it  is  used 
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as  a  small  addition  to  good  zinc.  Miroy*  asserts  that  the 
temperature  may  be  fully  controlled  when  re-melting  the  zinc 
in  iron  crucibles  heated  with  coal  gas. 

Very  impure  hard  zinc,  with  a  greater  amount  of  cadmium, 
arsenic,  lead,  &c.,  is  sometimes  refined  by  re-melting  in  a 
reverberatory  furnace.  The  zinc  is  then  slowly  melted  on 
the  sloped  hearth  of  the  furnace,  and  colledls  in  a  sump 
placed  on  the  lower  part  of  the  hearth.  The  zinc  ash  is 
skimmed  off,  and  the  metal  allowed  to  cool,  in  order  to  sepa- 
rate the  lead.  Cadmium,  antimony,  and  arsenic  can  only 
be  extradled  to  a  certain  degree  if  the  zinc  is  kept  liquid  for 
a  longer  time. 

A  furnace  employed  in  Upper  Silesia  for  re-melting  zinc 
intended  for  rolling  is  represented  by  Figs.  135  and  136 ;  a. 

Fig.  135. 


Fig.  136. 


r 


i 


^^ 


Jl 


^ 


is  the  hearth  of  refradlory  material ;  b,  the  sump  ;  c,  the  work- 
ing door  for  charging  and  ladling  out  the  zinc  ;  d,  the  drying 
hearth.    The  raw  zinc  being  divided  into  pieces  is  gradually 

•  Dingl.,  Bd.,  153,  p.  257.     B.  u.  h.  Ztg.,  i860,  p.  52. 
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charged  into  the  furnace,  which  has  been  previously  heated, 
and  is  slowly  melted  till  the  sump  is  filled ;  the  zinc  is  then 
rapidly  ladled  into  iron  moulds  by  means  of  ladles  coated 
with  a  mixture  of  soap  and  chalk.  Most  of  the  so-formed 
plates  keep  sufficiently  hot  to  be  rolled,  and  plates  which  are 
too  cold  must  be  heated  in  a  separate  furnace  up  to  the  tem- 
perature of  about  125**  C,  which  is  sufficient  to  keep  the 
zinc  du(5tile  during  rolling. 

The  resulting  scum  or  zinc  ash  is  worked  up  by  the  re- 
ducing process.  The  temperature  at  which  the  zinc  is  cast 
has  an  essential  influence  upon  its  nature,  ue.,  upon  its  power 
of  resisting  acids,  water,  atmospheric  air,*  &c.,  also  upon  its 
behaviour  in  rolling. 

According  to  BoUeyt  and  Begemann,t  zinc  melted  at  a 
very  low  temperature  has  a  granular  fra(5ture,  a  higher 
specific  gravity,  a  greater  dudlility,  and  is  less  soluble  in 
dilute  acids.  Zinc  poured  out  at  high  temperature,  on  the 
other  hand,  has  a  laminated  crystalline  frafture,  a  lower 
specific  gravity,  a  greater  brittleness,  and  is  easily  soluble 
in  acids.  At  temperatures  above  200**  C,  zinc  is  brittle ;  it 
becomes  dudlile  and  fit  for  rolling  and  other  purposes,  when 
kept  at  a  temperature  between  100**  and  150**  C.  The  fewer 
times  zinc  is  heated  before  its  treatment  by  rollers,  &c.,  the 
more  duftile  it  will  be.  The  bending  of  a  rolled  zinc  plate 
does  not  make  any  noise,  but  a  crepitating  noise  will  be  ob- 
served after  having  heated  the  plate,  probably  due  to  a  re- 
arrangement of  the  crystals  that  have  been  formed  by  the 
influence  of  the  temperature.  Zinc  which  has  been  heated 
almost  red  hot  shows  a  laminated  texture  if  it  be  rapidly 
cooled,  and  zinc  heated  nearly  to  its  melting  point  has  a  fine 
granulated  texture  if  slowly  cooled ;  the  specific  gravities  are 
likewise  modified. 

The  presence  of  certain  impurities  renders  zinc  harder. 

Karsten  states  that  carbon  has  no  influence  on  the  nature 
of  zinc.       Taylor,  Eliot,  and  Storer  have  discovered  sulphur 

•  Polyt.  Centr.,  1857,  P-  ^^S^- 

t  Polyt.  Centr.,  1856,  p.  1398.    Erdii.,  J.  f.  pr.  Chem.,  Bd.  66,  p.  451. 

X  Dingl.,  Bd.  142,  p.  100. 
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in  many  kinds  of  zinc,  chiefly  in  those  produced  from 
blende.  A  certain  amount  of  sulphur  seems  to  facilitate  the 
combination  of  zinc  with  iron,  in  case  the  zinc  is  kept 
fluid  for  a  longer  time  in  iron  pots,  or  is  in  contadl  with  iron 
tools.  Zinc-white  produced  from  such  zinc  shows  fine  rose 
or  cherry-red  spots  of  oxidised  iron.  Schaufiele*  discovered 
arsenic  in  zinc,  a  small  amount  of  which  renders  zinc  brittle. 
According  to  Cooke,  the  arsenic  promotes  its  crystallisation ; 
antimony  has  a  similar  behaviour. 

Tin  is  seldom  found  in  zinc ;  one  per  cent  renders  zinc 
unfit  for  rolling  at  the  required  temperature  ;  ^  per  cent  of 
copper  renders  zinc  so  hard  that  it  is  difficult  to  roll,  and 
yields  veiy  brittle  plates. 

A  large  amount  of  cadmium  renders  zinc  brittle  and  of  a 
fine  granular  texture.  Mentzel  states  that  zinc  with  from 
5  to  15  per  cent  of  cadmium  may  be  rolled  into  plates  one 
line  thick,  without  cracking.  As  both  metals  can  only  be 
separated  by  repeated  distillations,  in  which  cadmium  first 
volatilises,  and  as  this  causes  a  great  loss,  experiments  have 
been  tried  at  the  zinc  works  at  Birkengang,t  near  Stolberg, 
to  work  zinc  with  from  three  to  eight  per  cent  of  cadmium 
by  the  wet  way,  which  is  based  upon  the  fa<a  that  when 
treating  mixtures  of  zinc,  cadmium,  and  lead  with  acids,  the 
zinc  first  becomes  dissolved,  and  the  cadmium  which  may 
be  in  solution,  as  well  as  the  lead,  are  again  precipitated  by 
zinc.  The  latter  may  then  be  precipitated  by  lime  as  fine 
white  oxide  of  zinc,  whilst  the  residue  of  cadmium  and  lead 
may  be  distilled,  yielding  cadmium. 

Iron  is  frequently  contained  in  zinc,  and  the  presence  of 
0*13  or  0'i4  per  cent  does  not,  according  to  Karsten,  greatly 
influence  its  quality,  but  an  amount  of  above  0*2  per  cent 
renders  it  harder,  and  necessitates  a  careful  stronger  heating 
for  the  purpose  of  rolling.  If  lead  be  present  at  the  same 
time,  iron  is  more  injurious.  Its  presence  may  be  detected 
by  grey  spots  on  the  fresh  surface  of  zinc.  Eliot  and  Storer 
found  from  0*05  to  0*21  per  cent  of  iron  in  zinc ;   Karsten 

*  Dingl.,  Bd.  116,  p.  248. 
t  B.  u.  h.  Ztg.,  i86a,  p.  307. 
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found  0*24  per  cent,  and  Percy  i'64  per  cent.  Iron  may  be 
separated  from  zinc  by  distilling  in  clay  vessels. 

Lead  is  found  in  zinc  still  more  frequently  than  iron,  and 
injures  its  firmness.  According  to  Karsten,  all  zinc  contains 
traces  of  lead,  usually  from  0*3  to  3  per  cent.  When  con- 
taining i^^  per  cent  it  may  still  be  rolled,  but  yields  soft  plates. 
A  greater  amount  causes  it  to  crack.  If  lead  and  zinc  are 
melted  together,  they  separate  again  according  to  their 
specific  gravities,  but  the  lead  always  retains  some  zinc,  and 
the  zinc  some  lead.  Matthiessen  and  Rose  state  these 
amounts  to  be  respeftively  i'6  and  rz  per  cent.  Bismuth 
behaves  like  lead ;  when  bismuth  and  zinc  are  melted  to- 
gether and  separated  again,  bismuth  will  retain  from  9  to  14 
per  cent  of  zinc,  and  zinc  2*4  per  cent  of  bismuth. 

When  choosing  zinc  for  different  uses,  these  foreign  admix- 
tures must  be  taken  into  consideration  as  well  as  the  already 
mentioned  influence  of  the  temperature  upon  castings  and 
rolled  plates.  The  presence  of  foreign  substances,  chiefly 
arsenic,  iron,  and  lead,  and  the  temperature,  are  of  most  im- 
portance when  rolling  the  zinc.  In  casting  zinc,  the  chief 
consideration  is  the  temperature,  which  must  be  so  regulated 
as  to  avoid  the  formation  of  burned  zinc.  A  greater  amount  of 
lead,  cadmium,  sulphur,  and  iron  is  deleterious  to  the  manu- 
fa<5ture  of  zinc-white,  the  lead  giving  a  reddish,  and  the  iron 
a  yellowish  hue.  Rolled  zinc  used  for  coating  vessels  and 
buildings,  &c.,  must  be  as  free  as  possible  from  iron  and  lead, 
as  the  smallest  amount  of  these  substances  facilitates  the 
corroding  of  the  metal  by  galvanic  adtion. 

6.  Redudtion   of  the  Zinc   Dust. 

Zinc  dust  is  a  mixture  of  very  finely  divided  metallic  zinc, 
with  eight  or  ten  per  cent  of  oxide  of  zinc,  and  contains  the 
volatile  metals,  such  as  arsenic,  cadmium,  &c.,  which  existed 
in  the  zinc  ore,'  and  sometimes  also  the  chlorides,  iodides, 
and  bromides  originating  from  the  coal  used  for  reducing 
the  oxide  of  zinc.  As  the  zinc  dust  coUefted  in  the  receivers 
frequently  amounts  to  9  or  10  per  cent  of  the  whole  pro- 
dudtion,  the  working  it  up  is  very  important,  especially  in  zinc 
works  where  blende  and  impure  calamine  are  treated. 

VOL.  I.  2  H 
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According  to  Thum,*  zinc  dust  of  Borbeck  contains 
97*82  per  cent  of  zinc,  o'i6  per  cent  of  iron,  0*23  per  cent  of 
lead,  and  0*08  per  cent  of  cadmium  and  arsenic  ;  zinc  dust  of 
Birkengangt  contains  from  9  to  12  per  cent  of  cadmium. 

The  most  common  way  of  working  it  up,  is  by  adding  it  to 
the  mixture  in  the  distillation  vessels.  Although  the  im- 
purities of  the  zinc  dust  are  thus  again  added  to  the  ores, 
the  admixture  is  in  such  proportions  that  the  quality  of 
the  resulting  zinc  is  little  affedted.  In  the  Belgian  process 
the  zinc  dust  mixed  up  with  t)re  and  coal  is  worked  in  the 
uppermost  tier  of  retorts,  which  are  only  discharged  every 
24  hours ;  by  this  process  the  zinc  dust  yields  about  80  per  cent 
of  zinc. 

In  some  few  cases  the  zinc  dust  is  worked  up  in  separate 
furnaces  construfted  for  the  purpose  by  Montefiore.t  This 
furnace  consists  of  a  number  of  vertical  tubes  into  which 
clay  cylinders  fixed  to  iron  rods  are  fitted.  The  zinc  dust 
is  put  into  the  tubes,  which  are  then  heated  to  the  melting 
point  of  zinc ;  the  cylinder  is  now  pressed  upon  the  zinc 
dust,  separating  the  melted  zinc,  which  is  then  tapped 
off.  In  this  way  about  90  per  cent  of  zinc  is  extra<5ted  from 
the  zinc  dust,  but  as  this  zinc  contains  all  the  foreign  sub- 
stances of  the  zinc  ore,  it  is  of  very  inferior  quality,  and  unfit 
either  for  the  purpose  of  rolling  or  the  manufacture  of  zinc- 
white  ;  wherefore  this  mode  of  working  up  the  zinc  dust  is 
only  used  in  zinc  works  where,  as  at  Bleiberg,  the  zinc  re- 
sulting from  the  ores  is  so  hard  as  to  require  refining  in 
reverberatory  furnaces ;  the  zinc  produced  from  the  zinc  dust 
is  then  added  to  the  refining  process.  From  14  to  18  cwts. 
of  zinc  dust  may  be  worked  up  in  12  hours  by  12  cylinders, 
consuming  from  11  to  14  cubic  feet  of  coal. 

The  deposits  formed  in  the  adapters  are  worked  up  in  the 
distillation  process.  The  residues  of  the  reducing  vessels 
contain  from  2  to  9  per  cent  of  zinc,  or  even  more,  and  are 
mostly  thrown  aside,  but  are  sometimes  submitted  to  a  hand 

•  B.  u.  h.  Ztg.,  1859,  p.  409. 

+  Ibid.,  1862,  p.  307. 

I  Ibid.,  1859,  p.  409;  i860,  p.  29.     Revue  Univers'.,  2  Jahrb.,  i  Lief;,  1858. 
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sorting ;  if  they  are  the  result  of  working  argentiferous  and 
plumbiferous  blende,  it  may  be  profitable  to  wash  them. 

In  1859,  the  production  of  zinc  in  Europe  amounted  to 
the  following : — 

In  Silesia 39,000  tons. 

By  the  Vieille  Montagne  Company  27,000  „ 

,,    other  Rhenish  Companies    .  11,000  „ 

„     other  Belgian         „         .     .  9,500  „ 

In  Great  Britain 7>500  „ 

„  Spain 1,500  „ 

„  Polonia 1,500  „ 

„  Austria 75^  » 

„  France 500  „ 

Total     .     .     .    98,250  tons. 

In  Dr.  Ure's  Diftionary,  iii.,  1127,  the  general  consump- 
tion of  zinc  throughout  the  world  is  estimated  to  be  67,000 
tons  per  annum,  of  which  about  44,000  tons  take  the  shape 
of  rolled  sheets ;  they  are  employed  as  follows,  each  quantity 
being  rather  below  the  fadt : — 

Roofing  and    archite<5tural  pur- 
poses         23,000  tons. 

Ship  sheathing 3»5ck>  y» 

Lining  packing  cases    ....  2,500  „ 

Domestic  utensils    .     ,  " .     .     .  12,000  „ 

Ornaments 1,500  „ 

Miscellaneous 1,500  „ 

Total     .     .     .    44,000    „ 

Fifteen  years  ago  the  quantity  used  for  roofing  did  not 
exceed  5,000  tons  ;  none  was  employed  for  ship  sheathing, 
or  lining  packing  cases,  and  stamped  ornaments  in  zinc  only 
date  from  1852. 
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Cadmium  is  frequently  associated  with  zinc  ores,  calamine 
as  well  as  blende ;  Silesian  calamine  contains  as  much  as 
5  per  cent,  and  sometimes  more ;  Wiesloch  calamine  above 
2  per  cent,  the  blende  of  the  Upper  Hartz  from  0*36  to  079 
per  cent,  blende  of  Przibram  178  per  cent,  and  that  of 
Eaton,  in  North  America,  3*2  per  cent.  The  cadmium  con- 
tained in  these  ores  becomes  concentrated  in  the  yellowish 
brown  smoke  which  is  abundantly  given  ofif  at  the  commence- 
ment of  the  distillation  of  zinc  ;  this  smoke  consists  of  oxides 
and  carbonates  of  zinc  and  cadmium,  and  is  used  as  a 
material  from  which  the  cadmium  is  extradled.  Sometimes 
it  is  also  produced  from  the  zinciferous  fume  (cadmia  for- 
nacum)  of  the  smelting  furnaces. 

The  produdUon  of  cadmium  from  zinc  ores  is  therefore 
divided  into  two  periods — ^namely,  the  produftion  of  the 
smoke,  and  its  reduction  in  suitable  vessels,  the  cadmium 
being  thus  distilled.  The  separation  of  cadmium  from  zinc 
is  based  upon  the  greater  volatility  of  cadmium ;  for  while  zinc 
can  be  distilled  only  at  a  white  heat,  cadmium  volatilises  at 
360**  C,  which  is  only  the  fusing  point  of  zinc.  As  soon  as 
cadmium  comes  into  conta<5t  with  atmospheric  air,  by 
escaping  from  the  distilling  vessels,  it  oxidises,  forming  a 
brownish  yellow  oxide  mixed  with  oxide  of  zinc. 
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If  intended  for  the  produdlion  of  cadmium,  the  smoke 
employed  for  this  purpose  is  that  deposited  in  the  receivers, 
during  the  first  four  hours  of  an  operation ;  before  distilling, 
it  is  frequently  submitted  to  a  concentration. 

Experiments  have  been  lately  made  to  separate  cadmium 
from  zinc  and  zinc  dust  by  the  wet  way  (page  464). 

Cadmium  is  produced  on  a  large  scale  in  some  of  the  zinc 
works  of  Upper  Silesia.* 

In  this  instance  the  brownish  yellow  smoke  is  heated  for 
the  purpose  of  concentration  in  a  common  zinc  muffle,  but 
in  a  separate  furnace,  sustaining  a  moderate  temperature. 
Instead  of  the  clay  adapter,  the  muffle  is  provided  with  a 
conical  iron  tube,  wherein  the  reduced  zinc  condenses  in 
drops,  whilst  the  cadmium  which  remains  in  the  form  of 
gas  is  deposited  as  a  brown  oxide '  in  the  lower  part  of  the 
iron  tube  ;  and  this  tube  is  closed  with  a  perforated  wooden 
plug,  which  allows  the  gases  to  escape,  but  retains  the 
cadmium. 

The  charge  for  one  muffle  is  a  mixture  of  i  cwt.  of  raw 
oxide,  and  0*33  cubic  metre  of  small  coke,  which  is  heated 
just  up  to  a  red  heat ;  every  12  hours  a  new  mixture  is 
charged,  and  the  residues  of  three  mixtures  are  removed 
together.  The  brown  oxide  coUeAed  in  the  iron  tube  and 
the  zinc  are  from  time  to  time  removed. 

The  redudtion  of  concentrated  oxide  of  cadmium  is  effedted 
by  means  of  charcoal  in  a  small  cylindrical  cast-iron  retort 
furnished  with  a  conical  iron  plate  adapter,  which  is  closed 
with  a  pierced  wooden  plug. 

The  retort  is  heated  by  the  waste  flame  of  the  calcining 
furnaces,  and  charged  each  time  with  four  handfuls  of 
mixture ;  in  12  hours  a  new  mixture  is  charged,  and  the 
residues  of  three  mixtures  removed  together.  The  cadmium 
colle<aed  in  the  iron  adapter  is  remelted  and  cast  into  small 
cylindrical  bars.  Four  muffles  for  concentrating  the  oxide 
yield  from  1*4  to  i'5  lb.  of  cadmium  ;  201^^  lbs.  of  cadmium, 

*  Erdm.  Journ.  f.  ok.  Chem.,  i.,  342*  Karst.  Arch.,  2  R.,  i.,  411.  Ann.  d. 
min.,  4  8^r.,  ji.,  31.    Bgwkfd.  vii.,  217. 
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saleable  at  6s.  a  pound,  were  produced  at  LydogniahQtte,  in 
i860.     Cadmium  was  formerly  produced  in  this.countiy.* 

This  metal  is  used  in  laboratories,  and  for  painting  pur- 
poses, and  latterly  for  the  produ(5tion  of  an  alloy  called  Wood's 
metal,!  consisting  of  2  parts  cadmium,  2  parts  antimony, 
4  parts  lead,  and  8  parts  bismuth,  which  is  easier  to  fuse 
than  the  alloys  of  Rose  and  Newton.  Its  fusing  point  is 
between  65' and  71**  C.  On  the  whole,  the  utility  of  cadmium 
is  very  limited. 

*  Karst.  Arch.,  x  R.,  vi.,  424. 

t  DiNGL.,  Bd.  1 158,  p.  271.     B.  u.  h.  Ztg.,  i86x,  p.  380. 
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CHAPTER    V. 
TIN. 

PRINCIPAL    TIN   ORES.* 

Tin  stone,  Cassiterite,  the  peroxide,  SnO,  with  78*6  percent 
of  tin,  is  the  only  tin  ore  found  in  sufficient  abundance  for 
metallurgical  purposes.  It  occurs  disseminated  in  granite, 
gneiss,  clay  slate,  chlorite  and  mica-slate ;  also  in  beds  and 
veins,  in  large  irregular  masses,  and  in  pebbles,  in  the  beds 
of  ancient  torrents ;  the  ore  occasionally  takes  a  ligneous 
aspe<5t,  and  is  then  termed  Wood  Tin.  It  is  usually  asso- 
ciated with  tungsten,  molybdenum,  arsenical  iron,  and 
copper  pyrites,  magnetic  iron  ore,  blende,  copper  glance, 
native  bismuth,  antimonial  ores,  quartz,  fluor  spar,  apatite, 
and  other  minerals.  It  is  found  in  but  few  countries  in 
sufficient  quantity  to  be  workable.  It  is  found  chiefly  in 
Cornwall,  Saxony,  and  Bohemia  in  Europe;  in  Malacca, 
Banca,  and  Billitan  in  Asia ;  in  Bolivia,  Mexico,  and  Chili, 
and  in  small  quantities  in  Spain  and  France. 

It  is  sometimes  associated  with  sulphide  of  tin,  Stannine, 
CuaS,  SnSa  +  2(FeS,  ZnS)  SnSa,  containing  29  per  cent  of 
tin,  and  29  per  cent  of  copper. 

*  B.  u.  h.  Ztg.,  1842,  pp.  97,  looi ;  1844,  p.  3 ;  1861,  p.  i ;  1862,  pp.  144, 
415.  Ann.  d.  min.,  3  s^r.,  xx.,  65.  Bgwkfd.,  v.,  352 ;  iii.,  352,  xvii.,  274.  Berggeist, 
1861,  N08.  38,  43,  83.  Dechbn,  Statist,  d.  Zollv.  Deutchl.,  i.,  772.  Jahrb. 
d.  k.  k.  Geol.  Reichanst.,  1853,  p.  190.  Karst.  Arch.,*  i  R.,  xiii.  Oesterr. 
Ztschr.,  1862,  No.  26. 
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The  Cornish  ores*  occur: — i,  in  small  strata  or  veins,  or 
in  masses ;  2,  in  congeries  of  small  veins ;  3,  in  large  veins ; 
and  4,  disseminated  in  alluvial  deposits. 

The  Stanniferous  Small  Veins,  or  thin  flattened  masses, 
though  of  small  extent,  sometimes  numerously  interspersed 
in  certain  rocks,  parallel  to  their  beds,  are  commonly  called 
Tin  Floors.  In  the  mine  of  Bottalack,  a  tin  floor  thirty- 
six  fathoms  below  the  level  of  the  sea,  has  been  found  in  the 
Killas  (a  shistose  rock) ;  it  is  about  a  foot  and  a  half  thick, 
and  occupies  the  space  between  a  principal  vein  and  its 
ramifications ;  but  there  seems  to  be  no  connedlion  between 
the  floor  and  the  great  vein. 

The  Disseminated  Masses,  or  Stockwerks,  as  the  Ger- 
mans term  them,  occur  in  granite,  and  in  the  felspar  por- 
phyry, called  in  Cornwall  elvan.  The  most  remarkable  of 
these  occur  at  the  tin  mine  of  Carclase,  in  the  granite  near 
St.  Austell.  The  works  are  carried  on  in  the  open  air,  in  a 
friable  granite,  containing  felspar  and  kaolin,  or  china  clay, 
which  is  traversed  by  a  great  many  small  veins,  composed  of 
tourmaline,  quartz,  and  a  little  tin  stone,  which  forms  black 
markings  on  the  face  of  the  light  grey  granite ;  these  little 
veins  rarely  exceed  six  inches  in  thickness,  including  the 
adhering  solidified  granite,  and  are  occasionally  much  less. 
Some  of  them  run  nearly  due  east  and  west,  with  an  almost 
vertical  dip;  others  in  the  same  direftion,  incline  to  the 
south  at  an  angle  of  70**. 

Stanniferous  Masses  are  much  more  frequent  in  the  elvan 
(porphyry),  the  mine  of  Trewidden  being  a  remarkable  ex- 
ample of  this.  It  is  worked  among  flattened  masses  of  elvan, 
separated  by  strata  of  killas,  which  dip  E.  N.  E.  at  a 
considerable  angle.  The  tin  ore  is  in  small  veins,  varying 
in  thickness  from  half  an  inch  to  eight  or  nine  inches,  and 
occurring  so  irregularly,  and  interruptedly,  that  it  is  difiicult 
to  determine  their  direftion  and  inclination. 

The  Large  Metalliferous  Veins  are  not  equally  dis- 
tributed over  the  surface  of  Cornwall  and  the  adjoining 
parts  of  Devonshire,  but  are  grouped  into  three  distrifts ; 

*  Dr.  Urb's  Didlionary  of  Arts,  Hi.,  go6. 
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namely,  i,  the  south  west  of  Cornwall,  beyond  Truro ;  2,  the 
neighbourhood  of  St.  Austell;  and  3,  the  neighbourhood  of 
Dartmoor,  in  Devonshire. 

The  first  group  is  by  far  the  richest  and  the  best  explored. 
The  formation  most  abundant  in  tin  mines  is  principally 
granite,  though  there  are  numerous  exceptions  to  this.  The 
most  ancient  metalliferous  veins  are  the  great  tin  veins  in 
Cornwall ;  yet  these  are  not  of  one  formation,  but  belong  to 
two  or  more  different  systems.  Their  direction  is,  however, 
nearly  the  same,  but  some  of  them  dip  towards  the  north, 
and  others  towards  the  south.  The  Cornish  miners  were 
formerly  of  opinion  that  tin  occurred  in  the  upper  portions 
of  the  mineral  lodes  only,  and  mines  were  abandoned  when 
in  sinking,  the  miners  came  to  the  yellow  copper  pyrites, 
which  were  said  to  have  cut  out  the  tin.  Within  the  last 
few  years,  however,  tin  has  been  found  at  very  great  depths 
below  the  surface  and  beneath  the  copper.  Dolcoath  mine 
is  a  remarkable  example  of  this.  This  mine  was  worked 
first  as  a  tin  mine  for  a  veiy  long  period ;  then  as  a  copper 
mine  for  half  a  centuiy ;  and  finally,  on  exploring  still  deeper, 
the  lode  was  found  to  become  richer  in  tin,  and  is  now  worked 
to  great  advantage. 

Alluvial  Tin  Ore,  Stream  Tin. — Peroxide  of  tin  occurs 
disseminated  both  in  the  alluvium  which  covers  the  gentle 
slopes  of  the  hills  adjoining  the  rich  tin  mines,  and  in  the 
alluvium  which  fills  the  valleys  that  wind  round  their  base ; 
and  in  these  deposits  the  tin  stone  has  been  so  abundant, 
that  for  centuries  the  whole  of  the  Cornish  tin  was  derived 
from  them,  and  still  is  to  some  extent.  The  most  important 
explorations  of  alluvial  tin  ore  are  grouped  in  the  environs 
of  St.  Just  and  St.  Austell,  where  they  are  called  stream 
works,  because  water  is  the  chief  agent  employed  to  separate 
the  metallic  oxide  from  the  sand  and  gravel. 

Synopsis  of  Processes  for  the  Extradtion  of  Tin  from 

its  Ores. 

The  object  of  these  processes  is  to  reduce,  at  a  suitable  tem- 
perature, the  oxide  of  tin  contained  in  the  tin  ore,  and  to  trans- 
form the  earthy  and  metallic  foreign  associates  into  a  slag  as 
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thin  as  possible,  so  as  to  allow  a  thorough  separation  of  the 
reduced  particles  of  tin ;  though  simple  in  themselves,  these 
operations  are  rendered  more  or  less  imperfe<5t  by  the  fol- 
lowing circumstances : — 

1.  Certain  Properties  of  the  Oxide  of  Tin. — This  requires 
for  its  reduftion  a  very  strong  red  heat,  approaching  to  white- 
ness, at  which  most  of  the  foreign  metallic  oxides,  which  are 
frequently  associated  with  tin  ore,  are  also  reduced,  many  of 
them,  indeed,  at  a  much  lower  temperature.  These  reduced 
metals  combine  with  the  tin  and  impair  its  quality,  or  they 
form  deposits  on  the  hearth  of  the  furnace,  and  injure  the 
process.  Again,  as  tin  oxidises  so  easily,  oxide  of  tin  is 
formed  at  the  high  temperature  required  for  reduction,  and  this 
oxide  becomes  partly  scorified,  and  is  partially  carried  away 
mechanically  owing  to  its  fine  division.  The  cupola  furnaces 
must  therefore  be  so  constru<5ted  as  to  allow  a  quick  redu<5tion 
of  the  oxide  of  tin,  and  to  remove  the  reduced  tin  as  quickly 
as  possible  from  the  space  where  the  blast  reafts.  Further- 
more, as  oxide  of  tin  combines  as  a  base  with  silica,  and  also, 
though  less  markedly,  as  an  acid  with  oxide  of  iron,  man- 
ganese, lime,  &c.,  its  tendency  to  scorification  is  very  great, 
forming  combinations  from  which  the  tin  may  be  partly  ex- 
tra<Sled  pnly  at  a  high  temperature,  when  the  foreign  metallic 
oxides  present  (chiefly  oxide  of  iron),  are  also  reduced  in 
larger  quantities. 

2.  The  Quality  and  Quantity  of  the  Earthy  Associates. 

— As  tin  ore  occurs  in  older  formations  which  are  rich  in  silica, 
and  therefore  difficult  to  fuse,  the  formation  of  slag  is  ren- 
dered difficult.  If  ferruginous  fluxes  are  added  to  facilitate 
the  fusibility,  a  great  deal  of  iron  will  become  reduced,  and 
some  oxide  of  tin  scorified  by  the  protoxide  of  iron.  An  addi- 
tion of  lime  a<5ts  similarly  with  regard  to  the  scorification  of 
tin ;  the  least  of  two  evils  is  therefore  chosen,  and  the  for- 
mation of  a  slag  rich  in  silica  (bisilicate)  preferred.  This 
slag  being  pasty  and  difficult  to  fuse,  retains  many  grains  of 
tin,  the  extra<Slion  of  which  necessitates  a  re-smelting  or  a 
dressing.  When  dressing,  the  scorified  oxide  of  the  tin  is 
considered  as  lost. 
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3.  The  Quality  of  the  Metallic  Associates. — ^These  are 
present  either  in  an  oxidised  state,  as  magnetic  iron  ore, 
tungsten ;  in  a  sulphuretted  state,  as  iron  and  copper  pyrites, 
galena,  copper  glance ;  in  a  metallic  state,  as  bismuth,  copper; 
or  in  combination  with  arsenic,  as  arsenical  pyrites.  They 
are  partly  scorified  by  the  smelting  process,  and  partly  de- 
composed, alloying  the  tin,  such  as  iron,  copper,  bismuth, 
lead,  arsenic,  tungsten,  &c. ;  or  are  volatilised,  and  form 
in  the  furnace  deposits  which  injure  the  process.  As  these 
metallic  associates  have  nearly  the  same  specific  gravity  as 
tin  ore,  and  as  the  tin  ore  usually  occurs  finely  disseminated 
in  gangue,  it  cannot  be  sufiiciently  separated  by  a  mechanical 
dressing ;  they  are,  therefore,  partially  separated  by  combined 
roasting  and  washing  processes  previous  to  the  smelting. 
Tungsten  has  to  be  separated  by  a  special  smelting  process ; 
if  it  remains  in  the  ore,  part  of  the  tungstic  acid  combines  with 
protoxide  of  iron  and  manganese,  and  enters  the  slags,  but 
another  part  becomes  reduced  and  alloys  with  the  tin. 

The  processes  for  the  extraction  of  tin  may  therefore  be 
classified  into  certain  preliminary  operations,  into  the  re- 
du(5tion  smelting  in  cupola  or  reverberatory  furnaces,  and  into 
the  further  treatment  of  the  smelted  produfts. 

I.  PREPARATION   OP  TIN   ORES. 

A  mere  mechanical  preparation  is  only  sufficient  for  stream 
tin  and  a  few  kinds  of  mine  tin,  such  as  the  ore  from 
Carclase,  Wheel  Bal,  and  Irtendron,  in  Cornwall. 

In  most  cases  a  farther  chemical  treatment  is  required  to 
extra<Sl  the  foreign  admixtures.  The  following  operations 
may  be  adopted : — a.  A  soft  burning  of  the  fragments  of  ore. 
b.  A  mechanical  dressing  of  the  raw  or  burned  ore.  c.  A 
roasting  of  the  schlich  resulting  from  the  latter  operation. 
d.  Subsequent  washing,  e.  A  treatment  of  the  roasted  mass 
with  acids  or  with  sulphate  of  sodium  for  extra<5ting  tungsten. 

a.  Soft  Burning  of  the  Ore  previous  to  its  Dressing. — 
The  tin  ore  of  Altenberg,  in  Saxony,  containing  J  or  ^  per 
cent  of  tin  and  the  before-mentioned  associated  minerals, 
and  of  great  compactness,  is  burned  in  open  heaps.  Upon 
a  layer  of  ore  0*3  metre  thick  and  12  metres  square,  a  layer 
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of  wood  shavings  o*i  metre  thick  is  placed^  and  upon  these 
a  layer  0*7  metre  thick  of  brush-wood ;  next  comes  a  layer 
I '5  metre  thick,  of  ore  in  grains  the  size  of  two  cubic  deci- 
metres, and  the  side  walls  are  also  furnished  with  layers  of 
this  ore  one  metre  thick ;  the  whole  is  then  covered  with  a 
layer,  0*3  metre  thick,  of  the  ore  of  the  size  of  the  fist ;  the 
heap  bums  two  days. 

If  mounds  are  used,  they  are  furnished  with  a  foundation 
of  wood  14  or  16  inches  thick,  upon  which  a  layer  of  tin 
ore  2^  to  3  feet  thick  is  placed,  and  covered  with  small  coal 
4  or  5  inches  thick. 

In  England  roasting  furnaces  are  employed  for  this  burn- 
ing, the  ores  being  burned  for  about  six  or  eight  hours. 

The  obje<a  of  this  partial  burning  is  to  save  time  and  ex- 
pense, nearly  three-fourths  of  the  ore  being  thrown  away 
after  dressing  from  the  first  burning. 

6.  Mechanical  Dressing  of  Tin  Ores.* — ^The  dressing 
operations  vary  in  difTerent  localities,  and  depend  on  the 
quality  of  the  ore,  whether  it  is  more  or  less  rich,  finely  or 
coarsely  disseminated,  and  on  the  quantity  and  quality  of  the 
associated  minerals.  As  tin  ore  is  seldom  massive,  a  gigging 
apparatus  cannot  be  employed,  and  the  tin  ore  has  to  be  at 
once  stamped  more  or  less  fine ;  but  first  it  is  submitted  to  a 
hand  sorting,  which  is  adopted  in  Bohemia  for  separating 
tungsten,  and  in  Cornwall  for  separating  the  pure  from  the 
impure  ore  containing  copper  and  arsenical  pyrites  and  the 
gangue.  The  wet  dressing  of  the  ore,  being  rather  compli- 
cated, causes  a  considerable  loss  of  metal,  amounting  in 
Saxony  to  about  25  or  30  per  cent,  and  in  Cornwall  from 
17  to  20  per  cent. 

A  comparison  of  the  mining  and  dressing  of  the  tin  ores  in 
Cornwall,  Bohemia,  Saxony,  and  the  Bretagne,  has  been 
made  by  J.  Huguenin,  (Coup  d'odl  sur  la  Geologic  du  Morbi- 
han  ;  Paris,  1862,  page  63). 

c.  Roasting  the  Concentrated  Tin  Schlich. — Schlich 
obtained  from  pure  ores  is  smelted  diredt,  but  that  containing 

•  B.  u.  h.  Ztg.,  1855,  pp.  93,  162 ;  1859,  p.  181 ;  1862,  p.  145 ;  1856,  p.  62. 
Freib.  Jahrb.,  1830,  pp.  217,  235.  Berggeist,  1861,  No.  68.  Preuss.  Zeitschr., 
Bd.  9.  p.  251. 
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pyrites  is  previously  roasted,  as  it  still  retains  all  the  tungsten, 
the  greater  part  of  the  arsenical  pyrites,  and  much  iron  and 
copper  pyrites,  bismuth  glance,  together  with  some  native 
copper  and  bismuth.  The  roasting  in  reverberatory  furnaces  is 
resorted  to  for  the  volatilisation  of  sulphur  and  arsenic,  and  the 
formation  of  oxides  which  may  be  washed  off,  being  of  less 
specific  gravity  than  tin  ore.  The  tin  ore  is  but  slightly  modi- 
fied by  the  roasting  process ;  only  at  the  commencement  some 
little  sulphide  of  tin  is  formed,  which  afterwards  becomes 
converted  into  sulphite  or  sulphate  of  tin.  This  may  be 
extra<5ted  by  muriatic  acid,  but  is  lost  in  the  subsequent 
dressing.  In  Cornwall  the  concentrated  schlich,  which  is 
there  called  tin-witts,  suffers  a  loss  of  about  1*5  per  cent 
owing  to  this  circumstance. 

At  the  beginning,  the  roasting  process  is  carried  on  at  a 
low  temperature,  while  the  mass  is  continually  stirred,  in 
order  to  avoid  caking.  The  temperature  is  then  increased, 
and,  if  required,  some  coal  is  admixed  in  order  to  decompose 
the  sulphates  and  arseniates  that  have  been  formed  in  the 
first  period.  The  coal  must  not  be  added  if  it  is  intended  to 
coUedl  white  arsenic*  in  larger  quantity,  as  a  by-produ<a  in 
the  condensation  flues  with  which  the  roasting  furnace  is 
connedled,  or  when  treating  ores  containing  copper  pyrites 
with  the  intention  of  lixiviating  sulphate  of  copper  from  the 
roasting  mass  for  the  produftion  of  cement  copper.  Ores 
containing  iron  pyrites  only  are  more  easily  roasted  than 
ores  associated  with  copper  and  arsenical  pyrites. 

Fig.  137. 


•  TuNNER*s  Jahrb.,  ii.,  1852,  p.  35. 
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In  Saxony  the  furnaces  connedled  with  condensers  for 
colle<5ting  arsenic  are  construfted  as  shown  by  Figs.  137  and 
138.  a  is  the  hearth ;  b,  the  grate  ;  c,  working  door ;  d,  fire- 
bridge ;  e,  furnace  roof ;  /,  opening  for  charging  the  ore  to  be 

Fig.  138. 
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closed  by  a  clay  plate  when  not  in  use  ;  gy  chimney ;  h,  flue ; 
i,  channel  conducing  to  the  condensation  chambers  (i).  The 
flue  h  is  provided  with  a  valve  for  closing  it. 

The  ore  is  dried  upon  the  roof  of  the  furnace,  and  roasted 
in  charges  of  from  12  to  14  cwts.  The  temperature  and  the 
length  of  the  roasting  are  regulated  according  to  the  nature 
of  the  ore  ;  for  instance,  whilst  ores  poor  in  arsenic  are  first 
roasted  at  a  low  temperature,  and  also  for  a  shorter  time  (for 
about  six  hours),  in  order  to  prevent  a  caking ;  ores  rich 
in  arsenic  are  at  once  roasted  at  a  higher  temperature,  as 
more  white  and  less  grey  arsenic  are  thus  formed.  The  ore 
must  be  continually  raked,  and  the  fire  gradually  lessened, 
till  the  ore  burns  dark  and  commences  to  become  disinte- 
grated. When  smoke  ceases  to  be  evolved,  coal  is  mixed  with 
the  roasting  mass,  the  temperature  is  increased,  the  roasting 
mass  properly  stirred,  and  the  sulphates  and  arseniates  will 
then  become  reduced.  Whilst  the  valve  in  the  flue  (h)  was 
before  kept  open  in  order  to  condudt  the  arsenious  acid  into 
the  condensation  chambers  by  means  of  the  channel  (t),  it 
is  now  closed  to  prevent  any  contamination  by  carbonaceous 
particles ;  gases  and  fume  then  enter  the  chimney  (g).    As 
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the  channel  is  frequently  more  than  loo  feet  long,  it  is  pro- 
vided with  several  angles  to  lessen  the  draught. 

A  charge  of  12  cwts.  of  schlich  rich  in  arsenic,  and  con- 
taining 2  cwts.  of  tin,  requires  from  22  to  24  hours'  time 
for  roasting,  with  a  consumption  of  about  144  cubic  feet  of 
wood  and  a  produdlion  of  5  or  6  cwts.  of  white  arsenic. 

In  Cornwall*  furnaces  with  elliptical  hearths  of  different 
dimensions  are  frequently  used  ;  for  instance,  hearths  7  feet 
long,  4  feet  broad  at  the  fire-bridge  and  18  inches  at  the 
working  door,  and  5  feet  in  the  middle  part.  The  arched 
roof  is  8  inches  above  the  fire-bridge,  16  inches  above  the 
middle  of  the  hearth,  and  10  inches  above  its  sides.  The  grate 
is  10  inches  broad,  and  lies  11  inches  below  the  fire-bridge. 

The  charges  consist  of  half  a  ton  of  ore  or  more,  which  is 
also  dried  on  the  furnace  roof,  and  then  spread  out  on  half  of 
the  dark  red-hot  hearth  near  to  the  fire-bridge.  It  is  raked 
every  20  or  30  minutes,  and  three  heaps  are  thus  formed 
across  the  hearth ;  sometimes  also  a  heap  is  formed  alter- 
nately length-ways  along  the  hearth.  The  arsenious  acid 
colledls  in  a  channel  2  metres  high,  2*5  metres  wide,  and 
several  hundred  metres  long,  which  is  provided  with  partition 
walls  and  leads  into  a  chimney.  The  channel  is  cleared 
every  one  or  two  months.  The  ores  are  either  once  roasted 
and  then  washed,  or  are  roasted  again  after  washing,  accord- 
ing to  whether  they  contain  only  iron  and  copper  pyrites  or 
arsenical  pyrites  at  the  same  time.  In  the  latter  case,  the  first 
roasting  takes  12  hours,  consuming  260  lbs.  of  coal,  and  the 
second  from  8  to  10  hours,  consuming  about  200  lbs.  of  coal. 

According  to  Dr.  Ure's  Dictionary  of  Arts,  iii.,  910,  the 
machine  for  calcining  tin  ore,  originally  called  "  Brunton's 
Patent  Calciner,"  is  gradually  coming  into  use  in  Cornwall, 
and  is  adopted  in  many  of  the  larger  smelting  works.  Its 
operation  may  be  thus  briefly  described : — A  revolving  circular 
table,  usually  8  or  10  feet  in  diameter,  turned  by  a  water  wheel, 
receives  through  the  hopper  the  tin  stuff  to  be  roasted  or  cal- 
cined. The  frame  of  the  table  is  made  of  cast.iron,  with 
bands  or  rings  of  wrought  iron,  on  which  rest  the  fire-bricks 

*  B.  u  h.  Ztg.,  1859,  p.  319.     PreuBS.  Zeitschr.,  ix.,  253. 
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composing  the  surface  of  the  table.  The  flames  from  each 
of  the  two  fire-places  pass  over  the  ore  as  it  lies  on  the  table, 
which  revolves  slowly,  about  once  in  every  quarter  of  an  hour. 
In  the  top  of  the  dome  over  the  table  are  fixed  three  cast- 
iron  frames,  called  the  spider^  from  which  depend  numerous 
iron  coulters,  or  teeth,  which  stir  up  the  tin  stuff  as  it  is 
carried  round  under  them.  The  coulters  on  one  of  the  arms 
of  the  spider  are  fixed  obliquely  so  as  to  turn  the  ore  down- 
wards from  one  to  the  other,  the  last  one  at  the  circumfer- 
ence of  the  table  projedting  the  ore  (by  this  time  fully  cal- 
cined) over  the  edge  into  one  of  the  two  wrinkles  beneath. 
A  simple  apparatus  called  the  butterfly ^  moved  by  a  handle 
outside  the  building,  diverts  the  stream  of  roasted  tin  stuff 
as  it  falls  from  the  table  into  either  one  or  the  other  as  may 
be  required.  Unlike  the  operations  of  roasting  in  the  oven 
previously  described,  the  calciner  requires  little  or  no  atten- 
tion ;  the  only  care  requisite  is  that  the  hopper  should  be 
fully  supplied,  and  the  roasted  ore  removed  from  the  wrinkles 
when  necessary. 

The  burning  house  and  the  calciner  are  represented  by 

Fig-  139- 

On  page  912  in  vol.  iii.  of  Ure's  Didtionary  will  be  found 
the  following  notes  on  the  adlion  of  Brunton's  calciners  em- 
ployed at  Fabrica  la  Constanto,  Spain,  and  also  the  additional 
suggestions ; — 

Diameter  of  revolving  bed,  14  feet. 

Revolution  of  bed  per  hour  from  three  to  four,  or  about 
I  foot  of  the  circumference  per  minute. 

Ores  introduced  by  the  hopper,  at  the  rate  of  i  quintal* 
to  every  revolution  of  table. 

Quantity  of  ore  calcined  per  day  of  10  hours,  30  to  35 
quintals. 

Salt  consumed,  generally  6  per  cent  of  the  weight  of  the 
ore. 

Fuel  consumed  per  10  hours,  1200  to  1400  lbs.  of  pine 
wood. 

Power  employed  to  revolve  table,  half  horse. 

*  I  Spanish  quintal  »  46*01  kils.     i  cwt.  (English)  «  50*8  kils. 
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Remarks. — The  furnace  is  charged  with  ore  and  salt  by 
means  of  iron  hoppers  placed  immediately  over  the  centre 
of  each  of  the  hearths.  A  heap  of  about  14  quintals  of  ore, 
with  five  or  six  per  cent  of  salt,  is  prepared  for  the  supply  of 
each  hopper,  from  time  to  time,  upon  a  small  platform  on  the 
top  of  the  furnaces,  and  a  few  shovelfuls  thrown  in  occa- 
sionally as  required,  taking  care,  however,  always  to  have 
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enough  ore  in  the  hopper  to  prevent  the  ascent  of  acid 
vapours,  &c.,  from  the  furnace.  The  time  the  mineral  re- 
mains in  the  furnace,  and  the  quantity  calcined  per  hour, 
must  depend  on  the  rapidity  of  motion  of  the  revolving  hearth 
and  the  angle  at  which  the  iron  stirrers  are  fixed. 

The  average  amount  passed  through  each  furnace  in 
24  hours  is  84  quintals,  or  3^  quintals  per  hour;  nearly 
I  quintal  is  discharged  from  the  furnace  at  every  revolution 
of  the  bed. 

This  apparatus  effedts  a  considerable  saving  in  labour,  and 
allows  a  good  roasting,  as  on  falling  upon  the  middle  of  the 
hearth,  the  ore  gradually  rises  to  a  higher  temperature,  and 
the  continual  raking  causes  the  formation  of  less  caked 
particles,  and  less  ore  dust  is  carried  away  by  the  gases. 
Whilst  at  Altenberg  the  cost  for  roasting  i  ton  of  black  tin 
is  £2  5s.  2d.,  the  cost  when  using  a  furnace  with  a  revolving 
hearth  is  only  £1  6s.  4d.,  namely,  19s.  4d.  for  coal,  and  7s. 
for  labour. 

The  salt*  which  is  sometimes  added  to  the  roasting  mass, 
serves  to  volatilise  sulphur,  arsenic,  &c.,  and  to  form  soluble 
chloride  of  copper. 

d.  Washing  the  Roasted  Schlich. — In  order  to  separate 
some  of  the  oxides  and  metallic  salts  formed  by  the  roasting 
process,  the  roasted  mass  is  sometimes  washed  diredt,  as  in 
Saxony,  which  concentrates  the  ore  till  it  contains  from 
50  to  70  per  cent  of  tin ;  the  resulting  schlich  is  then  some- 
times smelted  as  it  is,  and  sometimes  previously  submitted  to 
a  treatment  with  acids ;  if  the  roasted  mass  contains  a  larger 
amount  of  copper,  it  is  moistened  with  water  or  sulphuric 
acid,  exposed  for  some  time  to  the  atmosphere,  the  caked 
particles  sifted  off,  and  the  fine  mass  mixed  in  a  tub  with 
dilute  muriatic  or  sulphuric  acid;  the  clear  cupriferous 
liquid  is  then  treated  in  closed  vessels  with  iron  for  the  pre- 
cipitation of  the  copper,  and  the  residue  is  carefully  washed.! 
The  resulting  schlich  (black  tin)  must  sometimes  be  roasted 
and  washed  again  in  order  to  concentrate  it  to  a  sufficient 
richness  (50  to  75  per  cent  of  tin  and  upwards). 

*  B.  u.  h.  Ztg.,  1844,  p.  656;  1862,  p.  295.     PreusB.  Ztschr.,  ix.,  254. 
f  B.  u.  h.  Ztg.,  1859,  p.  207 ;  1862,  p.  146.     Preu88.  Ztschr.,  ix.,  254. 
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In  some  cases,  the  particles  of  proto-  and  peroxide  of  iron 
unremoved  by  the  washing  operation  are  extradled  by  means 
of  a  horse-shoe  magnet,  thus  considerably  increasing  the 
value  of  the  ore. 

e.  Treatment  of  the  Purified  Tin  Schlich  with  Acids. 
— In  order  to  avoid  too  great  loss,  the  washing  of  the  roasted 
ores  must  not  be  carried  too  far ;  hence  some  foreign  oxides, 
chiefly  of  iron,  copper,  and  bismuth,  and  also  native  bismuth, 
always  remain  in  the  tin  ore. 

At  the  Saxony  tin  works,  according  to  Plattner's  sugges- 
tion,* the  roasted  ore  containing  bismuth  is  put  into  wooden 
vessels,  together  with  6  per  cent  of  crude  dilute  muriatic  acid, 
and  stirred  for  some  hours.  The  dissolved  salts  are  extracted 
by  means  of  water,  and  the  basic  chloride  of  bismuth  thus 
precipitated  is  washed  out,  coUefted  in  lumps,  and  melted 
in  plumbago  crucibles,  with  burned  lime  and  pulverised 
charcoal,  for  the  reduftion  of  bismuth.  This  treatment 
reduces  the  contaminations  of  tin  schlich  from  nine-tenths 
to  one-tenth.  The  Bohemian  ores  contain  but  very  little 
bismuth,  and  are  not  therefore  treated  with  acids,  but  are 
submitted  to  a  sorting  by  hand  to  separate  the  wolfram. 

Michell  t  recommends  that  common  muriatic  acid  should 
be  diluted  with  an  equal  weight  of  water,  and  i  cwt.  of  this 
dilute  acid  used  for  the  purification  of  i  ton  of  schlich. 
Pearce  t  extradts  native  copper  by  dilute  sulphuric  acid  with 
admission  of  air,  with  or  without  addition  of  muriatic  acid ; 
and  he  treats  roasted  ores  containing  sulphur,  arsenical  and 
copper  pyrites,  as  well  as  grey  copper  ore,  with  hot  muriatic 
acid  in  closed  vessels. 

Duclosll  introduced  into  Cornwall  the  process  of  treating 
tin  ore  with  muriatic  acid ;  good  results  were  obtained  when 
treating  badly  dressed  ores,  but  the  process  offered  no  advan- 
tages in  treating  well-dressed  ores.  The  dissolved  copper  is 
precipitated  either  by  iron  (Levant  and  Botallack  mine)  or  by 
soda  (Redruth). 

*  B.  u.  h.  Ztg.,  1852,  p.  342,  702. 
f  Ibid.,  1844,  p.  656. 
{  Ibid.,  1862,  p.  263. 
II  Ibid.,  1862,  p.  147. 
2  I  2 
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Purification  of  Tin  Ores  from  Wolfram. — Owing  to  its 
great  specific  gravity,  and  its  refradlory  nature,  wolfram 
cannot  be  separated  from  tin  ore  by  mechanical  dressing,  by 
roasting,  or  by  treatment  with  acids.  If  present  in  large 
quantity  it  alloys  the  tin  and  renders  it  difficult  to  fuse.  In 
Cornwall,  wolfram  is  separated  by  Oxland's*  smelting 
method,  which  may  be  carried  out  with  two  modifications ; 
namely,  by  emplo)dng  carbonate  of  soda,  or  sulphate  of  soda, 
both  for  the  purpose  of  forming  soluble  tungstate  of  soda. 

At  East  Pool  mine  this  process  is  carried  on  in  reverbera- 
tory  furnaces,  furnished  with  an  iron  pan  instead  of  a  hearth, 
and  so  construdled  that  the  flame  from  the  grate  passes  first 
over  the  fire-bridge  along  the  surface  of  the  pan,  then  across 
a  bridge  which  lies  opposite  the  fire-bridge,  and  through 
flues  under  the  bottom  of  the  pan,  into  a  channel  leading 
into  a  chimney. 

The  use  of  the  cast-iron  bed  effedls  considerable  economy 
of  fuel,  and  it  is  admirably  adapted  for  the  calcination  of 
raw  ores  and  the  evolution  of  sulphur  and  arsenic  contained 
in  them,  but  it  is  especially  useful,  instead  of  fire-bricks  or 
tile,  by  preventing  the  loss  which  would  result  from  the 
readlion  of  the  soda  ash  on  the  silica  of  the  brick,  giving 
rise  to  the  formation  of  double  silicate  of  soda  and  tin. 

According  to  the  fineness  of  the  schlich,  charges  of  from 
6  to  9  cwts.  of  ore  are  made  (the  finer  the  ore  the  lighter 
the  charges),  and  from  9  to  12  lbs.  of  carbonate  of  soda 
(containing  48  per  cent  of  alkali)  per  cwt.  of  ore,  are  spread 
over  the  heated  ore;  one  or  two  shovelfuls  of  coal  are 
thrown  upon  that  part  of  the  hearth  opposite  the  fire-bridge, 
in  order  to  obtain  as  uniform  a  temperature  as  possible.  The 
mass  is  kept  at  a  white  heat  for  about  six  hours ;  it  is  stirred 
every  quarter  of  an  hour,  and  every  half  hour  some  coal  is 
thrown  upon  the  back  of  the  hearth.  Half  the  charge  is 
now  removed  from  the  furnace,  and  after  one  more  stirring, 
the  other  half.  About  ij-  tons  of  ore,  with  330  lbs.  of  car- 
bonate of  soda  are  treated  in  four  charges,  yielding  in  24  hours 
about  10  cwts.  of  pure  tin   ore.     The   mass  when  heated 

•  B.  u.  h.  Ztg.,  1852,  p.  702 ;  1862,  pp.  ig4,  2g4.     Preuss.  Ztschr.,  ix.,  254, 
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being  in  a  pasty  state,  and  after  cooling  frothy,  is  broken  into 
pieces  the  size  of  an  egg,  mixed  with  25  per  cent  of  quartz, 
and  pounded  under  a  stamping  mill,  the  quartz  serving  to 
separate  the  hard  alkaline  crust  from  the  tin  ore.  The 
pounded  mass  is  repeatedly  washed,  the  coarser  part  pounded 
two  or  three  times  with  quartz,  and  sometimes  again  treated 
with  soda  in  the  reverberatory  furnace.  This  preparation  is 
comparatively  expensive,  and  it  causes  a  considerable  loss 
of  tin  ore  both  mechanically  and  chemically ;  the  chemical 
loss  arises  from  the  formation  of  soluble  stannate  of  soda. 

When  sulphate  of  soda  is  used  instead  of  carbonate  of 
soda,  the  loss  of  tin  is  lessened  and  the  process  cheapened, 
but  it  is  rendered  more  difficult,  as  the  readlion  must  be 
alternately  oxidising  and  reducing.  The  dressed  ore  is 
mixed  with  sulphate  of  soda,  according  to  the  amount  of 
tungsten  in  it,  so  that,  approximately,  tungstate  of  soda  may 
be  formed ;  some  pulverised  coal  is  added,  and  the  mixture 
heated  in  a  reverberatory  furnace  by  a  smoky  reducing  flame, 
whilst  the  mass  is  continually  raked  ;  the  sulphuric  acid  of 
the  sulphate  of  soda  decomposes,  and  the  liberated  so^a 
combines  with  tungstic  acid  when  heated  in  an  oxidising 
flame.  The  red-hot  mass  is  removed  from  the  furnace,  and 
after  about  six  hours,  when  the  colour  and  other  qualities 
of  the  roasted  mass  indicate  its  decomposition,  thrown  into 
a  cistern  full  of  water.  After  24  hours  the  solution  of 
the  tungstate  is  made  to  run  off  through  a  sieve  attached 
to  one  of  the  sides  of  the  cistern ;  the  remaining  tin  stone 
is  then  washed,  to  remove  the  peroxide  of  iron  mixed  with 
it  which  originated  from  the  wolfram.  Four  charges,  equal 
to  36  cwts.  of  schlich,  are  treated  in  24  hours,  consuming 
4  or  5  tons  of  coal. 

The  whole  of  the  solution  of  tungstate  of  soda  is  some- 
times boiled  down,  and  the  crystallised  salt  used  for  dyeing 
purposes,  for  rendering  fabrics  non-inflammable,  for  bleaching 
linen,  for  the  produdlion  of  bronze  colours,  &c. 

At  Zinnwald,  in  Bohemia,  wolfram  is  separated  mechani- 
cally, and  sold  at  about  los.  6d.  per  cwt.  In  1859,  25}  tons 
were  produced ;  in  i860,  only  5  tons. 

At  Schlaggenwald  (vide  Preuss.  Zeitschr.,  1862,  Bd.  x.,  Lief. 
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3,  p.  165),  4  or  5  cwts.  of  ore,  with  an  admixture  of  common 
salt,  are  roasted  in  a  reverberatory  furnace  for  eight  hours, 
at  a  consumption  of  25  cubic  feet  of  coal.  The  chloride  of 
copper  and  tungstate  of  soda  thus  formed  are  removed  by 
lixiviation  with  water,  the  copper  in  the  solution  is  pre- 
cipitated by  iron,  and  tungstate  of  lime  by  means  of  chloride 
of  calcium,  and  the  lixiviated  ore  is  washed  again. 

11.  SMELTING  TIN   ORES. 

This  smelting  is  effedled  either  in  cupola  or  in  reverbera- 
tory furnaces,  according  to  the  nature  of  the  fuel.  Rever- 
beratory furnaces  require  good  and  cheap  coal,  and  are 
exclusively  employed  in  this  country ;  they  allow  a  larger 
production,  a  better  control  of  the  operations,  and  give  a 
greater  yield  than  cupola  furnaces,  as  less  tin  becomes  oxi- 
dised by  the  influence  of  the  draught,  and  as  the  smelting 
mass  remains  longer  at  a  higher  temperature,  which  facili- 
tates the  separation  of  the  metal.  On  the  other  hand,  cupola 
furnaces  yield  a  better  produft  from  impure  ores,  chiefly  those 
containing  arsenic,  as  the  foreign  substances  are  more  readily 
induced  to  scorify  and  to  volatilise ;  cupola  furnaces  also  yield 
more,  but  do  not  always  give  poorer  slags  than  reverberatory 
furnaces  (vide  Winkler  in  Freib.  Jahrb.,  1839,  P-  ^S)-  ^Jirkel 
states  in  Preuss.  Zeitschr.,  ix.,  256,  that  the  produftion  of 
I  ton  of  tin  in  reverberatory  furnaces  requires  i  J  tons  of  coal, 
and  causes  a  loss  of  5  per  cent  of  ore,  whilst  cupola  furnaces 
consume  3  tons  of  coal  for  the  same  produftion,  and  cause 
a  loss  of  15  per  cent  of  ore. 

The  following  produfts  result  from  the  smelting  of  tin 
ores : — 

I.  Crude  Tin. — This  contains  more  or  less  iron,  copper, 
arsenic,  antimony,  bismuth,  tungsten,  molybdenum,  &c.,  all  of 
which  substances  render  the  tin  hard,  diflScult  to  fuse,  and  more 
or  less  pasty  when  melted.  To  extraft  these  impurities,  the 
raw  tin  is  submitted  to  a  liquation  process,  which  is  effedted 
in  German  smelting  works  in  open  hearths,  and  in  English 
tin  works  in  reverberatory  furnaces.  Both  methods  will  be 
fully  described  further  on. 
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Refined  tin  sometimes  retains  foreign  substances,  some  of 
them  prejudicial  to  the  quality  of  the  tin,  even  if  present  in 
small  quantity,  whilst  others  render  the  tin  better  fitted  for 
different  purposes.  Tin  is  usually  impure  in  proportion  to 
the  irregularities  and  the  crystalline  character  of  its  surface. 
Pure  tin  solidifies,  with  a  smooth,  pure,  and  bright  surface, 
and  the  characteristic  tin-white  colour. 

Tin  is  very  seldom  free  from  iron,  and  as  little  as  0*5  per 
cent  influences  its  colour  and  lustre ;  i  per  cent  injures  its 
softness  and  smoothness,  rendering  it  friable,  dark,  dull,  and 
showing  marks  of  iron  rust,  when  long  exposed  to  the  air. 
Some  sorts  of  tin,  for  instance  Banca  tin,  when  dissolved  in 
muriatic  acid,  leave  behind  a  definite  alloy,  FeSn,,  in  the 
form  of  fine  acicular  crystals ;  the  same  compound  is  like- 
wise formed  on  the  sole  of  the  furnace  in  which  this  quality 
of  tin  is  smelted,  separating  out  during  the  slow  cooling  of 
the  metal. 

Small  quantities  of  copper  are  almost  without  influence, 
but  tin  containing  more  than  i  per  cent  becomes  harder  and 
less  dudlile,  without,  however,  losing  its  lustre.  According 
to  Stolzl  (vide  Dingl.,  Bd.  155,  p.  124),  an  addition  of  from 
one-ninth  to  one-fourth  of  copper  will  increase  the  hardness 
of  tin  three-  or  five-fold.  If  the  addition  of  copper  exceeds  a 
certain  limit,  it  will  injure  the  colour  of  the  tin.  The  tin  foil 
used  in  the  manufacture  of  looking-glasses  is  intentionally 
alloyed  with  copper,  as  the  foil  then  becomes  harder,  and 
better  able  to  resist  mechanical  treatment,  and  is  not  too 
quickly  attacked  by  mercury.  According  to  analyses,  tin 
foil  for  looking-glasses  contains  from  0*38  to  2*16  per  cent 
of  copper,  from  0*04  to  0*84  per  cent  of  lead,  and  from  o'lo 
to  o*i2  per  cent  of  iron. 

Bismuth  and  antimony  in  proportions  not  exceeding 
o'5  per  cent,  without  considerably  lessening  its  lustre, 
impair  the  duftility  of  tin  in  a  greater  degree  than  does  the 
presence  of  iron ;  they  also  render  the  tin  crystalline  in  tex- 
ture ;  bismuth  increases  its  fusibility. 

Small  quantities  of  lead  render  tin  harder ;  i  per  cent 
injures  its  colour  and  lustre ;  the  colour,  which  becomes 
greenish,  may  be  restored  by  an  addition  of  nickel. 
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Arsenic  considerably  injures  the  colour,  dudlility,  and 
lustre  of  tin,  although  only  0*5  per  cent  is  present ;  if  con- 
taining more  than  i  per  cent,  the  tin  is  of  less  specific  gravity 
and  white  spotted,  and  after  some  time  it  becomes  dull  and 
dark  coloured. 

Zinc  renders  tin  whiter,  but  also  harder  and  more  brittle. 

Large  quantities  of  tungsten  and  molybdenum  injure  the 
hardness  and  strength,  and  render  tin  more  difficult  to  fuse. 

The  presence  of  sulphur,  sometimes  occurring  in  tin  re- 
duced in  reverberatory  furnaces,  when  coal  rich  in  iron 
pyrites  is  employed,  renders  it  friable. 

Besides  the  presence  of  foreign  substances,  the  tempera- 
ture employed  when  ladling  the  tin  into  moulds  has  a  con- 
siderable influence  upon  its  duftility  and  lustre.  When  too 
strongly  heated  and  presenting  an  iridescent  surface,  tin 
becomes  red-short  after  being  cast ;  and  when  heated  at  too 
low  a  temperature,  it  becomes  dull  on  its  surface,  cold-short, 
and  less  ductile.  Such  tin  is  re*melted  and  poured  out  at  a 
proper  temperature,  with  a  view  to  improve  its  quality ;  it 
is  of  no  consequence  what  addition  is  employed  to  cover  the 
melted  tin.  Tin  loses  in  lustre  and  colour  if  it  combines 
with  its  protoxide  while  being  re-melted. 

Manufacturers  working  tin  estimate  its  quality  and  value 
by  certain  physical  properties,  such  as  lustre,  colour,  texture, 
surface,  ductility,  crackling  when  bent,  mobility  when  flow- 
ing, &c.* 

The  purest  commercial  tins  are  those  from  Malacca, t 
Banca,  Billitan,  and  the  English  tin ;  the  German  is  much 
less  pure.  The  Banca  tin,  which  is  the  purest  and  most 
expensive  of  all,  is  in  England  called  old  tin,  whilst  that  from 
other  parts  of  India  is  called  new  tin ;  the  least  pure,  but  still 
very  good,  Indian  tin  is  from  Pera.  The  Banca  tin  is  sold  in 
blocks  of  40  and  120  lbs.  The  Malacca  tin  comes  next  with 
regard  to  purity,  and  is  about  equal  in  quality  to  the  English 
grain  tin ;  it  is  sold  in  small  truncated  four-sided  p}rramids 

*  Kbrstein,  voUtandig  pradische  Anleitung  zur  Zinnprobirkunst.  Quedlin- 
burg. 

t  The  Pradlical  MechanicB'  Journal  Record  of  the  Great  Exhibition,  1862. 
A,  e. 
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each  weighing  from  ^  to  1  lb.  The  English  grain  tin 
is  sold  in  blocks  2  feet  long,  i  foot  broad,  and  8  inches 
thick,  and  only  contains  o'oooi  per  cent  of  iron.  The  re- 
fined tin  contains  about  i-ioth  per  cent  of  iron,  and  no 
arsenic,  lead,  or  copper ;  the  common  tin  about  i-5th  per 
cent  of  iron,  and  up  to  i  per  cent  of  copper.  The  inferior 
English  tins  are  sold  in  the  form  of  bars  under  the  name  of 
Japanese  tin. 

The  Saxon  tin  has  improved  in  quality  since  its  ores  have 
been  treated  with  muriatic  acid ;  it  contains  only  o'l  per 
cent  of  bismuth ;  Bohemian  tin  is  much  less  pure,  no  muri- 
atic acid  being  used. 

Some  tin  from  Pera  is  equal  in  quality  to  English  tin,  but 
other  kinds  contain  so  much  tungsten,  arsenic,  and  lead,  as 
to  render  them  unfit  for  common  use ;  Phillips*  employs  a 
method  for  purifying  it.  in  the  wet  way. 

The  composition  of  different  sorts  of  tin  is  shown  by  the 
following  analyses : — 


Sn. 

Fe. 

Pb. 

Cu. 

Bi. 

Sb. 

As. 

I. 

2. 

99-961 
9864 

0*019 
trace 

0*014 
0*20 

0*006 
o*i6 

— 

^^ 

— 

3- 

99-5 

trace 

0*2 

— 

— 

— 

— 

4* 

99*9 

— 

— 

— 

0*1 

— 

— 

5- 
6. 

9350 

0*07 
0-07 

2*76 

1-93 

~~ 

376 
2-34 

-"• 

"^ 

No.  X,  Banca  tin,  by  Mulder;  No.  2,  English  tin,  by  Berthier ;  No.  3,  French 
tin,  refined ;  No.  4,  tin  from  Altenberg,  by  Plattner ;  No.  5,  tin  from  Pera,  by 
Karsten ;  No.  6,  the  same,  refined. 

a.  Tin  Ore  Slags. — ^These  contain  tin  enclosed  partly 
mechanically,  and  partly  in  a  scorified  state.  To  extradt 
the  tin  the  slags  are  repeatedly  melted  in  the  ore  furnace, 
or  sometimes  in  a  separate  smaller  furnace ;  occasionally 
they  are  also  dressed.  Only  those  slags  are  thrown  away 
at  once  which  are  free  from  mechanically  enclosed  tin 
grains. 

Slags  obtained  in  reverberatory  furnaces  at  PouUaouen, 
from  smelting  rich  and  poor  ores  respedtively,  were  composed 
as  follows,  according  to  analyses  by  Berthier : — 

•  B.  u.  h.  Ztg.,  i860,  p.  325. 
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I.  II. 

Silica 41*30  40*00 

Protoxide  of  tin 9*00  8*40 

Protoxide  of  iron     ....  20*50  20*30 

Oxide  of  maganese  .    •    .    •  11*40  11 'lo 

Alumina 12*80  9*60 

Lime 3*90  3*60 

Magnesia 0*80  I'oo 

99*70  94*oo 

3.  Deposits  formed  on  the  hearth^  &c.    If  the  tin  contains 
iron,  and  is  allowed  to  remain  for  longer  time  in  the  furnace, 
these  deposits  are  again  added  to  the  slag  smelting  after  being  ^ 
roasted  and  dressed.    According  to  analyses  by  Lampadius 
and  Berthier,  some  deposits  from  Altenberg  contained : — 

I.  II. 

Iron 61*52  62*60 

Tin 30*50  31*43 

Arsenic 1*45              — 

Tungsten 0*90             i*6o 

Carbon 0*90              — 

Silica  and  Alumina ....  3*51             2*40 

98*78  90*00 

4.  Furnace  Ends. — ^These  usually  contain  a  certain 
amount  of  tin,  iron,  and  arsenic,  and  sometimes  also  copper, 
bismuth,  tungsten,  molybdenum;  these  are  dresised  and  added 
to  the  slag  smelting. 

5.  Ore  Dust  carried  away  by  the  blast. — This  is  washed 
and  added  to  the  slag  smelting. 

REDUCTION  OF  TIN  ORBS  IN  CUPOLA  FURNACES. 

This  mode  of  treatment  is  chiefly  used  for  working  impure 
tin  ores  in  Saxony  and  Bohemia  when  employing  charcoal. 

The  due  admixture  of  the  ores  exercises  much  influence  on 
the  result.  If  judiciously  seledled,  the  loss  of  tin  by  scorifi- 
cation  is  greatly  lessened,  though  not  completely  avoided. 

Ores  rich  in  oxide  of  iron  are  mixed  .with  quartz ;  siliceous 
ores  with  lime,  iron  refinery  cinders,  or  ferruginous  ores ;  ores 
containing  wolfram  are  mixed  with  lime.  If  the  admixture 
of  lime  is  excessive  much  tin  will  be  lost,  as  it  will  combine 
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with  lime,  whilst  too  great  an  addition  of  quartz  renders  the 
mixture  difficult  to  fuse  ;  ore  slags  facilitate  the  process. 

An  increased  temperature  at  the  reduftion  increases  the 
yield,  but  also  augments  the  amount  of  iron  in  the  tin.  If  ferru- 
ginous tin  is  kept  fluid  for  a  longer  time,  deposits  will  result. 

The  process  is  also  influenced  by  the  construdlion  of 
the  smelting  furnaces  (Karsten's  Metallurgy,  v.,  31).  The 
height  of  the  furnaces  is  regulated  chiefly  by  the  quantity  of 
iron  contained  in  the  ores,  and  by  the  amount  of  the  produc- 
tion. When  treating  ores  rich  in  iron  in  too  high  furnaces, 
an  abundant  formation  of  iron  deposits  takes  place.  In 
treating  smaller  quantities  of  ore  by  one  operation,  lower 
furnaces  are  employed.  The  usual  height  of  the  furnaces  is 
between  7  and  10  feet. 

In  order  to  obtain  the  high  temperature  required  in  the 
lower  part  of  the  furnace,  the  shaft  is  made  narrow,  and 
somewhat  contradted  at  the  lower  part.  A  seftion  of  the 
furnace  taken  at  the  level  of  the  tuyere  must  not  contain 
more  than  140,  at  the  highest  220  square  inches,  whilst  a 
similar  sedtion  of  lead  furnaces  measures  from  1,000  to  2,000 
square  inches.  The  greater  width  of  the  upper  part  of  the 
shaft  increases  the  consumption  of  fuel,  but,  on  the  other 
hand,  it  lessens  the  quantity  of  ore  dust  carried  away ;  never- 
theless, condensation  chambers  are  required  for  coUedling  the 
ore  dust. 

The  furnaces  are  usually  construfted  as  channel  furnaces, 
since  the  reduced  tin  is  at  once  condudted  out  of  the  furnace, 
protefted  from  the  influence  of  the  blast ;  for  this  reason 
these  furnaces  are  preferred  to  sump  and  crucible  furnaces, 
though  they  do  not  allow  a  perfedt  separation  of  the  smelted 
masses,  and  therefore  yield  richer  slags. 

Illustrations  of  the  Process  of  Redu(5^ion  in  Cupola 

Furnaces. 

At  the  smelting  works  at  Altenberg,*  in  Saxony,  the  tin 
ores  containing  from  J  to  i^  per  cent  of  metal  are  partially 

*  Karst.,  Arch.,  i  R.,  vi.,  358.  Erdm.  Journ.  f.  (>k.  u.  techn.  Chem.,  ix., 
381.  Ann.  d.  min.,  i  ser.,  viii.,  499,  837  ;  ix.,  281,  463,  625  ;  2  s€r,,  iii.,  ijj, 
471.  Jahrb.  f.  d.  Sachs.  B.  u.  Hm.,  1830,  pp.  217,  221 ;  1836,  p.  119.  Bgwkid., 
XV.,  740. 


Digitized  by  VjOOQ IC 


492 


TIN. 


roasted,  pounded,  dressed  by  machinery,  and  washed  several 
times.  They  are  then  fully  roasted,  and  ores  containing 
bismuth  are  treated  with  muriatic  acid ;  they  are  afterwards 
again  dressed  and  washed.  The  dressed  schlich  contains 
from  50  to  60  per  cent  of  tin. 

The  smelting  furnaces  employed  in  Saxony  and  Bohemia 
are  represented  by  Figs.  140  and  141.    a  is  the  rough  walling 

Fig.  140. 


Fig.  141. 


If 


>     I     I,     I     I      I 


J" 


Digitized  by  VjOOQ IC 


REDUCTION   IN   CUPOLA  FURNACES.  493 

of  either  gneiss  or  granite ;  b,  b,  are  the  casing  walls ;  c,  the 
front  wall ;  d,  d,  the  counters ;  e,  the  tuyere  wall ;  /,  the  sole 
stone,  of  granite ;  g,  the  tuyere ;  A,  the  eye,  through  which  the 
tin  and  slag  are  thrown  off  into  the  fore  hearth  (1) ;  k,  is  the 
fore  hearth  formed  partly  of  plates  of  granite  and  partly  of 
loam ;  /,  m,  is  the  channel  connedling  the  basin  (i)  with  the 
stoke  hearth  («),  which  is  made  either  of  granite  coated  with 
loam,  or  of  cast-iron,  and  furnished  with  a  fire-place  beneath ; 
o,  is  a  sloping  cast-iron  plate ;  p,  cast-iron  plate  bordering  the 
fore  hearth ;  q,  place  for  the  slag  to  run  off ;  r,  basin  with 
water  for  receiving  the  slags. 

The  granite  sole  (/)  slopes  nine  centimetres,  and  the  tuyere 
has  an  equal  inclination.  The  eye  cut  in  loam  is  o'l  metre 
high,  0*05  metre  wide  on  its  lower  base,  and  0*03  metre  on 
the  top.  It  lies  o'o8  metre  above  the  basin  (t),  which  is 
coated  with  a  mixture  of  small  coal  and  loam ;  the  tin  on  the 
basin  is  thus  prevented  from  oxidising  by  the  flame  escaping 
from  the  eye. 

At  the  commencement  of  an  operation  the  fore  hearth  is 
first  warmed  for  24  hours,  the  furnace  is  then  filled  with 
charcoal,  and  the  blast  put  in  motion.  The  first  charges  of 
tin  ore  are  now  made ;  the  tin  ore  is  mixed  with  ore  slags, 
about  ^  cwt.  to  z  cwts.  of  ore ;  the  mixture  is  charged  by 
shovelling  it  on  the  side  walls  of  the  furnace  from  an  elevated 
platform  situated  close  to  the  furnace.  The  soft  charcoal, 
in  pieces  of  i^  or  z  cubic  inches,  is  moistened  with  water 
previous  to  putting  it  into  the  furnace,  so  that  the  schlich 
will  stick  to  it,  and  to  some  degree  prevent  its  being  carried 
away  by  the  blast.  The  quality  of  the  fuel  exerts  essential 
influence  upon  the  process ;  coke  obstrudts  the  furnace  and 
decreases  the  yield  ;  wood  and  turf  yield  only  a  little  impure 
tin,  whilst  the  cost  of  smelting  is  considerably  increased. 
The  hot  blast  entails  a  greater  loss  of  tin,  and  the  furnaces 
are  injured  in  a  short  time.  Charges  of  50  lbs.  of  schlich 
are  made  every  quarter  of  an  hour,  and  such  a  quantity 
of  coal  is  added  that  the  furnace  is  always  nearly  full. 
The  process  is  carried  on  with  the  furnace  mouth  kept  dark, 
sometimes  with  a  short  nose,  and  sometimes  without  a  nose. 
Each  causes  loss,  the  relative  amount  of  which  is  diflicult  to 


Digitized  by  VjOOQ IC 


494  '^i^- 

ascertain.  If  the  nose  is  short,  the  varpng  blast  caused  by 
common  bellows  blows  oxidised  tin  out  of  the  eye,  and  if 
there  is  no  nose,  the  oxidised  tin  is  blown  out  of  the  mouth 
of  the  furnace. 

The  operation  requires  experienced  workmen  ;  the  progress 
is  judged  chiefly  by  the  colour  of  the  tin  when  flowing  from 
the  eye,  the  shining  of  the  coal  before  the  tuyere,  the  appear- 
ance of  the  vapour  emitted  from  the  eye,  and  the  flowing  of 
the  slag.  If  the  process  is  progressing  favourably,  the  coal 
will  appear  of  a  yellow  colour,  the  tin  regularly  flowing  off 
will  be  red,  and  a  light  blue  vapour  will  steadily  issue  from 
the  eye.  If  the  coal  is  white  hot,  it  shows  that  the  tempera- 
ture is  too  high,  and  necessitates  a  higher  charge  of  ore ;  a 
dark  and  thick  vapour  and  a  varying  colour  of  tin  and  coal 
indicate  the  contrary.  Tin  and  slags  separate  in  the  fore 
hearth;  these  are  removed  and  passed  across  the  iron  plate  (o) 
into  the  water  basin  (r) ;  the  tin  is  then  covered  with  small 
coal.  The  better  the  slags  are,  the  more  readily  will  they 
decrepitate  in  water.  If  very  pure  rich  schlich  is  treated, 
a  black  stripe  of  metallic  tin  appears  in  the  slag  gutter,  and 
the  fore  hearth  is  rapidly  filled  with  the  tin  which  usually 
issues  at  once  into  the  refinery  hearth,  and  is  only  run  off  into 
the  outer  basin  (n),  when  the  schlich  smelting  is  finished. 
If  the  tin  is  too  hot,  it  is  sometimes  ladled  from  the  fore 
hearth  into  the  outside  basin  in  order  to  obtain  the  tempera- 
ture required  for  refining.  Ferruginous  tin  forms  deposits 
if  allowed  to  remain  longer  in  the  basin.  If  the  schlich  has 
been  treated  with  muriatic  acid,  such  deposits  contain  very 
little  iron,  and  are  pounded,  washed,  and  returned  to  the  ore 
smelting. 

Owing  to  want  of  ore,  short  operations  lasting  only  three 
or  four  days  take  place.  From  30  to  36  cwts.  of  ore  are 
smelted  in  24  hours,  producing  15  cwts.  of  tin,  at  a  consump- 
tion of  about  3^  cubic  feet  of  coal  to  i  cwt.  of  ore,  and 
about  8^  cubic  feet  to  i  cwt.  of  tin  produced. 

According  to  Lampadius,  the  total  loss  of  tin  by  the 
smelting  process  in  Saxony  amounts  to  13  or  15  per  cent, 
8  or  9  per  cent  of  which  is  volatilised. 

The  annual  produdlion  of  tin  in  Saxony  amounts  to  about 
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150  tons,  and  in  Saxony  and  Bohemia  to  about  200  tons,  or 
i-30th  the  produftion  in  Cornwall. 

The  resulting  raw  tin  is  mostly  poured  direft  from  the  fore 
hearth,  with  ladles,  on  to  the  upper  end  of  the  refining  hearth, 
situated  on  the  side  of  the  smelting  furnace.  This  hearth  is 
called  the  pausch-hearth,  and  consists  of  a  ribbed  iron  plate 
i*i  metre  long,  07  metre  broad,  and  0*04  metre  thick,  which 
is  coated  with  loam  and  placed  at  an  inclination  of  is"",  and  is 
warmed  and  then  covered  with  glowing  coal  o'i6  metre  high. 
The  less  easily  fusible  impurities  of  the  tin  remain  between 
the  coal,  while  the  purified  tin  runs  along  the  inclined  sole 
into  a  sump  of  cast-iron  filled  with  coal.  The  tin  is  repeat- 
edly poured  upon  the  coal  from  a  certain  height  till  it  is 
purified.  The  coal  is  then  put  into  a  heap,  and  beaten  with 
wooden  hammers  till  no  more  tin  comes  from  it,  and  only 
small  grains  of  tin  remain ;  these  grains  are  added  to  the 
slag  smelting. 

When  the  tin  has  cooled  sufficiently  to  show  a  bright, 
bluish  surface,  it  is  poured  into  moulds.  The  influence  of 
temperature  on  this  operation,  and  the  determination  of  the 
right  temperature  by  frequently  taking  samples,  have  been 
already  described.  When  too  hot  it  is  sometimes  cooled 
by  pouring  a  portion  upon  a  copper  plate,  and  by  putting 
the  chilled  pieces  back  into  the  metal  bath.  If  it  is  too  cool 
it  is  kept  covered  with  glowing  coal  till  hot  tin  is  again 
added  by  renewed  refining. 

When  sufficiently  cooled,  the  tin  is  poured  into  moulds  by 
means  of  iron  ladles,  and  thus  formed  into  three  sizes,  namely, 
blocks  (Banca  tin),  bars  (Japanese  tin),  and  plates  (Ball  tin). 
The  moulds  for  Banca  tin  are  0*125  metre  high,  0*34  metre 
long  on  the  lower  part,  and  0*46  metre  long  on  the  upper 
part,  inclusive  of  handles  0*04  metre  long  on  the  short  sides. 
The  mould  for  forming  bars  contains  six  grooves  0*5  metre 
long,  Q-i  metre  broad,  and  0*005  metre  deep,  which  are  filled 
with  tin ;  the  bars  are  bound  into  packets,  and  sold  in  bundles 
each  containing  2J  or  5  cwts.  Such  bars  may  be  bent 
74  times  before  breaking. 

In  order  to  form  ball  tin,  it  must  be  poured  in  a  thin  stream 
upon  a  polished  copper  plate  i'4  metres  long,  0*6  metre 
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broad,  and  0*008  metre  thick,  thus  forming  plates  about  half 
a  metre  long,  1^  decimetres  broad,  and  Jrd  centimetre  thick. 
Much  pradlice  is  required  to  perform  this  operation  well. 
The  tin  plates  are  then  rolled  together  upon  an  inclined 
table  to  form  balls  or  rolls,  and  are  beaten  down  with  wooden 
hammers,  and  sold  as  roll-tin.  Before  the  balls  have  com- 
pletely cooled  four  impressions  are  made  upon  them  with  iron 
hammers ;  into  these  impressions  is  poured  a  little  fused  tin 
with  an  addition  of  grease,  and  four  different  stamps  are  im- 
pressed; 18  rolls  weigh  i  cwt.  The  Saxony  tin  is  not 
much  inferior  in  quality  to  the  English ;  it  contains  only 
I  per  cent  of  bismuth. 

When  the  slags  resulting  from  the  ore  smelting  process 
are  very  impure,  they  are  added  to  the  ore  smelting  mixture. 
The  other  slags  are  re-smelted  by  themselves  in  the  ore  fur- 
nace, requiring  more  coal  and  a  stronger  blast  than  the  ore 
mixture.  The  slag  thus  produced  contains  fewer  grains  of  tin, 
and  after  cooling  is  re-smelted  in  a  small  furnace  represented 
by  Fig.  142.    a,  is  the  vertical  front  wall  vnth  eye  (b),  0*22 

Fio.  142. 


metre  high  and  ©'07  metre  wide ;  c,  is  the  hearth  sole  formed 
of  a  mixture  of  small  coal  and  loam ;  d,  is  the  fore  hearth  ; 
e,  tuyere,  o'li  metre  above  the  hearth  sole. 

Low  furnaces  suffice  for  this  slag  smelting,  as  the  objedl  is 
only  to  separate  the  mechanically  enclosed  tin,  not  to  reduce 
that  which  is  scorified ;  moreover,  higher  furnaces  would 
reduce  much  iron  from  the  slags.  As  this  redudlion  of  iron 
is  not  altogether  to  be  avoided,  even  in  low  furnaces,  and 
ferruginous  deposits  will  be  formed,  the  hearth  is  coated  with 
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a  mixture  of  small  coal  and  clay  or  loam.  The  operations 
of  this  furnace  last  only  8  or  12  hours,  so  that  it  may  be 
construfted  of  less  refradlory  materials  than  the  ore  furnaces. 
The  better  to  purify  the  tin,  and  to  produce  thin  fused 
slags  at  the  slag  smelting,  a  stronger  blast  is  employed, 
and  the  furnace  fume  and  residues  are  also  added  in 
admixture. 

After  warming  the  hearth,  the  furnace  is  filled  with  coal 
and  the  blast  put  in  motion ;  slags  are  then  charged  alter- 
nately with  dry  coal,  both  being  measured.  If  the  slag  dust 
shows  yellow  stripes  it  is  a  sign  of  too  low  a  temperature, 
and  the  charges  of  slag  must  be  lighter.  When  the  resulting 
slags  are  impure  they  are  given  back  to  the  slag  smelting ; 
the  pure  slags  which  from  the  re-smelting  have  become 
tougher  and  richer  in  silica  are  thrown  away;  sometimes 
they  are  pounded  and  washed,  and,  after  a  proper  dressing, 
returned  to  the  slag  smelting. 

The  resulting  tin  is  refined  in  the  same  manner  as  the  ore 
tin ;  the  slags  of  three  ore  smeltings  are  worked  up  in  one 
operation ;  5  tons  of  tin  ore  yield  about  36  cwts.  of  first 
slag  and  3  or  4  cwts.  of  tin  from  these  slags.  Slags 
cooled  in  water  yield  more  tin  than  when  slowly  cooled ;  the 
hot  blast  has  proved  of  no  advantage  in  this  smelting  process. 

The  slags  have  also  been  pounded  and  washed  instead  of 
re-smelted,  but  the  tin  grains  were  found  to  be  converted 
by  the  pounding  into  small  thin  plates,  and  then  washed 
away  by  the  water,  thus  causing  great  loss  of  the  purest 
tin. 

The  deposits,  chiefly  an  alloy  of  iron  and  tin,  frequently 
containing  small  amounts  of  copper,  bismuth,  tungsten, 
molybdenum,  arsenic,  and  carbon,  are  poorer  in  iron  since 
the  ores  have  been  purified  by  muriatic  acid ;  they  are  dressed 
and  added  to  the  ore  smelting.  The  deposits  from  the  re- 
smelting  of  the  slags  still  contain  from  50  to  60  per  cent 
of  iron ;  they  are  broken  into  small  pieces,  roasted,  and 
added  to  the  slag  smelting. 

The  ores  treated  at  Schlaggenwald,  in  Bohemia,  occur  in 
gneiss,  and  contain  about  one  per  cent  of  tin.     These  tin 
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ores  chiefly  occur  with  wolfram,  arsenical  iron«  and  copper 
pyrites,  and  blende  ;  wolfram,  first  separated  as  thoroughly 
as  possible  by  hand  sorting,  is  afterwards  submitted  to  a 
pounding  and  dressing,  and  a  schlich  results  containing 
about  50  per  cent  of  oxide  of  tin ;  after  being  roasted  and 
washed  this  schlich  contains  58  per  cent  of  tin.  A  treat- 
ment with  acids  is  not  required,  as  the  ore  contains  only 
traces  of  bismuth.  The  roasted  schlich  is  smelted  in  cupola 
furnaces  8  feet  high,  with  charcoal  and  slags.  Two  cwts. 
of  tin  are  tapped  off  every  2  hours,  and  in  73  hours  24  cwts. 
of  tin  are  produced  from  2^  tons  of  ore,  at  a  consumption 
of  560  cubic  feet  of  charcoal.  The  refined  tin  is  formed  into 
rolls  each  weighing  2  pounds,  or  into  small  bars.  The 
residues  of  the  refining  process  are  re-melted  in  clay  pots, 
and  the  mass  is  stirred  with  green  brushwood,  and  yields 
some  good  tin. 

According  to  Wallach,  the  tins  produced  in  Schlaggenwald 
were  composed  in  1851-53  as  follows  : — 


Raw  Tin. 
The  most  Inferior. 

Commercial  Tin. 
Fine.        MiddUng. 

Commoi 

Sn 
Cu 
Fe 

Sand  As 
Loss 

95'339— 94'9a4 
2726—  3-648 
0-684—  0762 

traces 
1-251— 0-666 

99*55           9878 
028             087 
0-17             0-35 

97050 
2-326 
0-624 

A  tin  slag  contained — 

SiOj 24*060  Mn-iOj          ....  5*640 

W0O3 24*330  CaO        3*580 

FeO 20*750  MgO       0*370 

SnOa 10*410  Loss 1*940 

AljOj 9*ooo 

The  tin  stone  at  Velleder,  in  Bretagne  (France),  occurs 
chiefly  in  veins  and  in  alluvial  deposits^  in  granite  associated 
with  quartz,  iron  ore,  tourmaline,  arsenical  pyrites,  &c. ;  it 
contains  no  wolfram.  Part  of  the  ore  is  exported  to  Eng- 
land, and  part  is  smelted  in  Velleder  in  two  cupola  furnaces 
4*65  metres  high,  for  the  produ(5tion  of  good  tin  after  it  has 
been  suitably  dressed. 
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REDUCTION  OP  TIN  ORES  IN  REVERBERATORY 
FURNACES. 

This  mode  of  smelting  is  applied  to  purer  ores,  and  the 
coal  must  be  cheap  and  good.  It  is  performed  in  the  different 
smelting  works  with  slight  modifications ;  the  reverberatoiy 
furnaces  used  have  nearly  the  same  constru<5lion  everywhere, 
and  allow  a  strong  heat  to  be  rapidly  produced. 

Figs.  143  and  144  represent  the  tin  smelting  furnaces*  at 

Fig.  143. 


Fig.  144. 


Truro,  in  Cornwall.  Fig.  143  is  a  longitudinal  sedlion  ;  Fig. 
144  a  ground  plan,  a  is  the  fire  door  through  which  the  pit 
coal  is  laid  upon  the  grate  (6) ;  c  is  the  fire-bridge ;  d,  the 
door  for  introducing  the  ore  ;  Cj  the  door  through  which  the 
ore  is  worked  upon  the  hearth  (/) ;  g,  the  tapping  hole ;  A,  an 
aperture  in  the  vault,  which  is  opened  when  discharging  the 
waste  schlich  to  secure  the  free  escape  of  the  fumes,  and  to 

•  Dr.  Ure's  DiAionary  of  Arts,  iii.,  912. 
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lessen  the  amount  of  ore  dust  carried  away ;  «,  t,  are  air 
channels  for  admitting  cold  air  under  the  fire-bridge  and  the 
sole  of  the  hearth,  with  a  view  to  ensure  them  against  injury 
from  the  intensity  of  the  heat  above ;  k,  k,  are  basins  into 
which  the  melted  tin  is  drawn  off;  /,  the  flue ;  m,  the  chimney, 
from  35  to  50  feet  high. 

Before  throwing  the  roasted  and  washed  schlich  into  the 
smelting  furnace,  it  is  mixed  with  from  one-fifth  to  one-eighth 
of  its  weight  of  small  coal  or  culm,  and  a  little  slaked  lime 
or  fluor  spar  is  sometimes  added  to  render  the  ore  more 
fusible  ;  occasionally  also  a  small  addition  of  common  salt  is 
employed.  These  materials  are  carefully  blended  and  damped 
with  water  to  render  the  charging  easier,  and  to  prevent  the 
draught  from  carrying  any  away. 

From  20  to  25  cwts.  are  introduced  at  a  charge,  and  the 
doors  are  immediately  closed  and  luted,  while  the  heat  is 
gradually  raised.  If  the  fire  is  too  strong  at  first,  the  tin 
oxide  will  unite  with  the  quartz  of  the  gangue,  and  form  an 
enamel.  The  heat  is  applied  with  closed  doors  for  six  or 
eight  hours,  by  which  time  the  redudlion  is  finished.  The 
door  of  the  furnace  is  removed,  and  the  melted  mass  worked 
up  to  complete  the  separation  of  the  tin  from  the  slag,  and 
to  ascertain  if  the  operation  be  sufficiently  forward.  When 
the  redu(5lion  appears  finished  the  slags  are  taken  out  by  the 
same  door  with  an  iron  rake,  and  divided  into  three  sorts  : 
those  of  the  first  class.  A,  constituting  at  least  |  of  the  whole, 
are  as  poor  as  possible,  and  may  be  thrown  away ;  the  slags 
of  the  second  class,  B,  which  contain  some  small  grains  of 
tin,  are  sent  to  the  stamps ;  those  of  the  third  class,  C,  which 
are  removed  last  from  the  surface  of  the  bath  of  tin,  con- 
taining a  considerable  quantity  of  metal  in  the  form  of  glo- 
bules, are  set  apart  to  be  re-smelted.  These  slags  are  in 
small  quantity ;  the  stamp  slags  contain  fully  five  per  cent 
of  metallic  tin. 

As  soon  as  the  slags  are  cleared  away  the  channel  is 
opened  leading  to  the  basin  or  receiver,  into  which  the  tin 
consequently  flows  out ;  it  is  left  ther^  for  some  time  in  order 
that  any  slag  still  mixed  with  the  metal  may  separate. 
When  the  tin  has  sufficiently  settled  it  is  ladled  out,  and 
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poured  into  cast-iron  moulds,  in  each  of  which  a  bit  of  wood 
is  fixed  to  form  a  hole  in  the  ingot  for  the  purpose  of  drawing 
the  metal  out  when  it  becomes  cold. 

This  tin  is  always  more  or  less  combined,  principally  with 
iron,  copper,  arsenic,  and  tungsten,  and  sometimes  with  small 
quantities  of  sulphides  and  arsenides  that  have  escaped  de- 
composition, of  unreduced  oxide  of  tin,  and  of  earthy  matters 
which  have  not  passed  off  with  the  slags ;  it  therefore  requires 
a  refining,  which  consists  of  two  operations. 

The  first  is  a  liquation  which  is  effefted  in  a  reverberatory 
furnace,  similar  to  that  employed  in  smelting  the  ore  (Figs.  143 
and  144).  The  blocks  are  arranged  on  the  hearth  of  the  furnace 
near  the  bridge,  and  are  heated  moderately  ;  the  tin  melts 
and  flows  away  into  the  refining  basin,  but  after  a  certain 
time  the  blocks  cease  to  afford  tin,  and  leave  on  the  hearth 
a  residue  consisting  of  a  very  ferruginous  alloy.  Fresh  tin 
blocks  are  now  arranged  on  the  residue  of  the  first,  and  the 
liquation  is  continued  till  the  refining  basin  contains  about 
5  tons ;  the  residues  are  set  aside  for  a  treatment  which  will 
presently  be  described. 

The  second  part  of  the  process  now  begins  ;  billets  of  green 
wood  are  plunged  into  the  tin  bath,  and  the  disengagement 
of  gas  from  the  green  wood  produces  a  constant  ebullition  in 
the  tin,  raising  a  species  of  froth  on  its  surface,  and  causing 
the  impurest  and  densest  parts  to  fall  to  the  bottom.  This 
froth  is  almost  wholly  composed  of  oxides  of  tin  and  foreign 
metals ;  it  is  repeatedly  skimmed  off  and  thrown  back  into 
the  furnace.  When  the  tin  has  boiled  long  enough,  the 
green  wood  is  lifted  out,  and  the  bath  is  allowed  to  settle. 
It  separates  into  different  zones,  the  upper  being  the  purest ; 
those  in  the  middle  are  slightly  charged  with  foreign  metals, 
and  the  lower  contain  a  large  proportion  of  them.  When 
the  tin  begins  to  cool,  and  when  its  different  qualities  cannot 
be  more  completely  separated,  it  is  ladled  out  and  poured 
into  cast-iron  moulds.  The  successive  blocks  are  obtained 
obviously  in  the  order  of  their  purity ;  those  formed  from  the 
bottom  of  the  basin  being  usually  so  impure  that  they  must 
be  subjedted  to  a  fresh  refining  process,  as  if  they  had  been 
smelted  diredlly  from  the  ore. 
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The  refining  operations  take  five  or  six  hours ;  namely, 
one  hour  to  fill  the  basin,  three  hours  to  boil  the  tin  with  the 
green  wood,  and  one  or  two  hours  for  the  subsidence. 

A  simpler  operation,  called  tossing,  is  sometimes  substituted 
for  the  above  artificial  ebullition.  A  workman  lifts  some  tin 
in  a  ladle  and  lets  it  fall  back  into  the  boiler  from  a  consider- 
able height  so  as  to  agitate  the  whole  mass ;  this  is  continued 
for  a  given  time,  after  which  the  surface  of  the  bath  is  care- 
fully skimmed.  The  tin  is  afterwards  poured  into  moulds, 
unless  it  is  still  impure,  in  which  case  the  separation  of  the 
metals  is  completed  by  keeping  the  tin  in  the  boiler  in  a  fused 
state  for  a  given  time  without  agitation,  so  that  the  upper 
portion  of  the  bath  (at  least  one-halO  is  pure  enough  for  the 
market. 

The  moulds  into  which  the  tin  blocks  are  cast  are  usually 
made  of  granite ;  their  capacity  is  such  that  each  block 
shall  weigh  a  little  more  than  3  cwts.  This  metal  is 
called  block  tin  when  offered  for  sale ;  the  purest  block  tin 
is  called  refined  tin. 

This  treatment  gives  two  stanniferous  residues  which  have 
to  be  re-smelted  ;  they  are — 

1.  The  slags  B  and  C,  which  contain  some  granulated 
particles  of  tin. 

2.  The  dross  found  on  the  bottom  of  the  reverberatory 
furnaces  after  re-melting  the  tin  to  refine  it. 

The  slags  C  are  smelted  without  any  preparation,  but 
those  marked  B  are  stamped  in  the  mill,  and  washed  to 
concentrate  the  tin  grains,  and  from  this  rich  mixture,  called 
prillionsy  melted  by  itself,  a  tin  of  very  inferior  quality  is 
procured.  This  may  be  readily  imagined,  since  the  metal 
which  forms  these  granulations,  being  less  fusible  than  the 
pure  tin,  solidifies  quickly,  and  cannot  flow  off  into  the 
metallic  bath. 

When  all  the  tin  blocks  have  undergone  a  thorough  liqua- 
tion, the  fire  is  increased  to  melt  the  less  fusible  residuary 
alloy  of  tin  with  iron  and  some  other  metals,  and  this  is  run 
into  a  small  basin  totally  distindl  from  the  refining  basin. 
After  this  alloy  has  settled  for  some  time,  the  upper  portion 
is  lifted  out  into  block  moulds  as  impure  tin,  which  must  be 
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refined  again.  On  the  bottom  and  sides  of  the  basin  there 
is  deposited  a  white  brittle  alloy  with  a  crystalline  fradlure, 
containing  so  large  a  proportion  of  foreign  metals  as  to  be 
almost  useless.  About  ij  tons  of  coal  are  consumed  in  the 
produftion  of  i  ton  of  tin. 

The  following  is  an  approximation  to  the  annual  produc- 
tion of  tin  in  different  countries : — 

In  Great  Britain 7,200  tons. 

„  Southern  Asia  and  East  India  .     .  7,500     „ 

,,  Bolivia  and  Peru 1,500    „ 

„  Saxony 130    „ 

„  Bohemia 60    „ 

„  Spain         40    M 
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MERCURY. 

PRINCIPAL  ORES  OP  MERCURY. 

The  principal  mercury  ores  are  the  following  : — 

I.  Cinnabar,  HgS,  containing  86'2  per  cent  of  mercury, 
but  not  always  free  from  small  admixtures  of  foreign  sub- 
stances, such  as  CuaS,  FcaOj,  Ala03,  and  earthy  matters ;  the 
largest  amount  of  mercury  is  produced  from  this  ore. 

a.  Native  Mercury,  Hg,  occasionally  containing  some  gold 
and  silver ;  it  occurs  in  most  of  the  mines  yielding  the  other 
mercurial  ores. 

3.  Mercurial  Fallow  Ores, — 

4(CuaS,  FeS,  ZnS,  HgS)  +  (SbSa,  ASS3), 
containing  from  2  to  15  per  cent  of  mercury. 

Many  other  mercurial  ores  are  found,  but  not  in  quantities 
sufficient  to  allow  of  metallurgical  treatment. 

The  geological  position  of  mercurial  ores  in  all  parts  of  the 
world  is  in  the  strata  which  commence  the  series  of  secondary 
formations. 

The  chief  localities  of  the  ores  are  California,  Mexico,  Peru, 
Almaden  in  Spain,  and  Idria  in  Carniola;  they  are  also 
found  in  smaller  quantities  in  France,  Tuscany,  the  Palatinate, 
on  the  left  bank  of  the  Rhine,  &c.,  and  in  China  and  Japan. 

If  cinnabar  occurs  in  a  massive  state  it  is  separated  from  the 
gangue  either  by  hand  sorting,  or  it  is  pounded  and  dressed  by 
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machinery,  so  as  to  form  small  grains  or  schlich.  When 
disseminated  in  the  gangue  the  cinnabar  is  broken  into  small 
fragments  and  treated  diredl  for  the  produftion  of  mercury. 
The  native  mercury  associated  with  cinnabar  is  sometimes 
colle(5ted  in  the  mine,  as  it  crops  out  from  the  ore ;  a  part  is 
also  colledled  whilst  dressing  the  ores,  but  the  greater  quan- 
tity remains  in  the  ores  in  small  globules,  and  is  extradled 
by  appropriate  metallurgical  treatment. 


SYNOPSIS    OP    PROCESSES    POR    THE     EXTRACTION    OP 
MERCURY  PROM   ITS  ORES. 

The  extraftion  of  mercury  from  its  principal  ore  (cinnabar) 
aims  at  the  separation  of  the  sulphur  and  the  distillation  of 
the  liberated  mercury,  which  takes  place  at  360"*  C.  Sulphur 
may  be  separated  either  by  a  roasting  process,  transforming 
the  sulphur  into  sulphurous  acid  (HgS  +  2O  =  Hg  +  SO,), 
and  volatilising  the  mercury  as  such,  or  by  the  use  of  fluxes, 
such  as  lime,  iron  scales,  &c.  Lime  present  in  the  ores 
exerts  a  decomposing  adlion  in  the  roasting  process, — 
(4HgS  +  4CaO=4Hg  +  sCaS  +  CaO,  SOj). 

Modifications  of  the  processes  for  extradling  mercury  result 
from  varying  the  apparatus  employed. 

The  choice  of  the  distilling  apparatus  depends  chiefly  on 
the  richness  of  the  ore,  on  the  size  of  the  pieces,  on  the 
extent  of  the  produftion,  on  the  price  of  materials,  and  on 
the  influence  of  the  mercurial  vapours  upon  the  workmen 
and  neighbouring  vegetation,  &c.  Galleries  ov  gallery  furnaces 
are  employed  when  rich  ores  are  worked  with  cheap  mate- 
rials, and  a  small  produdlion  only  is  aimed  at.  When  aiming 
at  a  large  produdlion,  massive  ores  are  treated  in  cupola  furnaces 
and  small  ores  in  reverberatory  furnaces^  but  latterly  small 
ores  have  been  formed  into  lumps,  and  then  advantageously 
treated  in  cupola  furnaces. 

Chambers  are  frequently  used  as  condensers  or  receivers, 
and  are  found  more  effieftive  than  the  clay  tubes  (Aludels) 
which  were  formerly  employed.  Clay  tubes  are  at  present 
advantageously  replaced  by  wooden  and  cast-iron  tubes,  which 
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are  cooled  by  water.  It  is  essential^  especially  when  em- 
ploying gallery  furnaces,  that  the  size  of  the  receivers  should 
stand  in  proper  proportion  to  the  quantity  of  mercurial  vapour 
developed  in  a  given  time,  i,e,^  to  the  ore  charges  and  the 
amount  of  mercury  contained  in  them.  According  to  Mohr,* 
loo  lbs.  of  mercury  in  form  of  vapour  occupy  a  space  of  about 
460  cubic  feet. 

The  chief  modes  of  extradling  mercury  from  its  ores  may 
be  classified  under  the  two  following  divisions : — 

I.  DECOMPOSING  SULPHIDE  OP  MERCURY  BY  ROASTING. 

The  roasting  process  is  carried  out  in  different  apparatus, 
and  may  accordingly  be  subdivided  into — 

!•  Roasting  in  Mounds,  applied  in  Hungary  to  mercurial 
fallow  ores. 

2.  Roasting  in  Cupola  Furnaces,  applied  to  pieces  in 
larger  fragments.  This  process  is  sometimes  carried  on  in 
short  interrupted  operations,  whilst  the  mercury  vapour  is 
condensed  either  in  tube-like  clay  vessels  (Aludels),  or  in 
walled  chambers  of  different  shapes ;  the  process  is  occasion- 
ally carried  on  in  continuous  operations,  whilst  different 
apparatus  are  employed  for  condensing  the  mercury  vapour. 

3.  Roasting  in  Reverberatory  Furnaces  and  condensing 
the  mercury  in  cast-iron  tubes ;  this  plan  is  used  for  working 
small  ore  and  schlich. 

II.  DECOMPOSING    SULPHIDE  OF    MERCURY  IN  CLOSED 

VESSELS  BY  MEANS  OP  LIME  OR  IRON   SCALE. 

This  process  may  be  subdivided  into— 

I.  The  Process  in  Furnaces  with  short  interrupted 
Operations. — ^The  furnaces  and  receivers  are  of  different 
construdlions. 

a.  The  Process  with  Ure's  Furnace,  with  continuous 
Operations. 

All  processes  for  the  extradlion  of  mercury  3rield  the 
following  produdls : — 

*  OesteiT.  Ztschr.,  1856,  p.  397. 
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a.  Metallic  Mercury,*  containing  mechanical  admixtures, 
and  sometimes  also  lead,  bismuth,  zinc,  tin,  oxide  of  mer- 
cury, &c.  In  order  to  separate  these  mechanical  admixtures 
the  mercury  is  either  re-distilled,  or  pressed  through  moist- 
ened linen  or  fine  leather ;  the  metallic  impurities  can  only  be 
extra<5led  by  chemical  reagents,  such  as  acids. 

The  transport  of  mercury  is  effedled  either  in  double  bags, 
made  of  soft  sheepskin  leather  and  placed  in  casks^  or,  as  in 
Spain,  &c.,  in  wrought  iron  flasks  with  a  screw  stopper,  and 
containing  76  lbs.  each.  It  is  sold  in  China  in  bamboo  rods 
I  foot  long,  3  inches  wide,  each  containing  29  lbs. 

b.  Metallic  Fume,  colledling  on  the  side  walls  of  the 
receivers,  and  consisting  of  an  intimate  mixture  of  finely 
divided  mercury,  sulphide,  oxide,  and  chloride  of  mercury, 
volatile  oils,  soot,  &c.t  The  metallic  mercury  is  liberated 
by  pressing  it  in  a  moistened  state,  sometimes  with  an  addi- 
tion of  wood-ash.  It  is  afterwards  added  to  the  ore  mixture-, 
or  worked  in  a  separate  furnace. 

c.  Residues,  containing  clay,  lime,  &c.  They  are  thrown 
away  if  sufficiently  poor. 

I.  £xtra<5lion  of  Mercury  by  Roasting  Ores  containing 
Sulphide  of  Mercury. 

This  mode  of  extradlion  possesses  some  advantages  over 
the  process  of  extradling  mercury  by  means  of  fluxes,  as  it  is 
cheaper,  requires  less  time  and  fuel,  and  the  decomposi- 
tion of  the  ore,  by  means  of  the  atmospheric  oxygen  and 
the  direft  influence  of  the  flame,  is  more  perfedl.  On  the 
other  hand,  mercury  vapour  cools  with  more  difficulty,  as  it 
enters  the  condensers  together  with  hot  gases,  causing  a 
considerable  draught,  which  gives  rise  to  a  great  loss  of 
mercury  if  the  condensers  are  not  extensive  and  suitably 
construdled. 

Spacious  dry  chambers,  cooled  by  water  outside,  are  used 
at  Idria,  Almaden,  California,  and  Ripa,  as  condensers; 
they  are  so  constru(5led  in  Castellazzara  as  to  allow  jets  of 

•  B.  u.  h.  Ztg.  1857,  p.  377  ;  1861,  p.  3x6. 
t  B.  u.  h.  Ztg.,  1854,  p.  240. 
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water  to  enter  them,  and  at  the  Pionir  mine,  in  California^ 
they  form  a  kind  of  channel  with  water  flowing  into  it.  All 
these  forms  are  preferable  to  the  so-called  Aludels  or  stone- 
ware tubes.  As  the  porous  walls  of  the  chambers  imbibe  a 
considerable  quantity  of  mercury,  they  have  lately  been 
replaced  at  Idria  by  cast-iron  tubes,  with  water  flowing 
round  them,  and  conneAed  with  condensation  chambers  and 
a  chimney. 

These  cast-iron  tubes,  which  waste  rapidly  under  the  in- 
fluence of  the  sulphurous  acid,  are  advantageously  replaced 
by  wooden  tubes  at  Vallalta  by  Tome.*  They  are  cheaper, 
wear  longer,  and  allow  a  better  removal  of  the  fume  by 
means  of  small  doors ;  the  resulting  fume  is  free  from  iron 
rust,  and  less  of  it  is  formed,  therefore  its  removal  and 
working  up  are  less  injurious  to  the  workmen. 

The  older  metallurgists  confined  their  produ(5lion  of  mer- 
cury almost  entirely  to  the  winter  season,  in  order  to  prevent 
excessive  loss,  and  to  avoid  the  noxious  influence  of  the 
vapour  upon  vegetation.  If  calcareous  ores  are  worked  with 
these  condensers,  the  abundantly  developed  carbonic  acid 
collects  in  the  last  condensation  chamber,  and,  owing  to  its 
specific  gravity,  does  not  pass  out  of  the  chimney,  thus 
checking  the  draught  and  prolonging  the  process.  In  such 
case  the  chimney  is  to  be  provided  at  its  base  with  a  channel 
opening  to  the  air,  and  shut  by  a  sliding  door. 

The  process  is  now  partly  carried  on  in  furnaces  which 
must  be  allowed  to  cool  after  each  charge,  and  before  the 
residues  are  removed  and  a  new  charge  given.  They  cause 
considerable  waste  of  time  and  fuel,  and  are  apt  to  crack, 
owing  to  the  repeated  expansion  and  contraction  of  the  fur- 
nace walls ;  much  vapour  of  mercury  escapes,  to  the  detri- 
ment of  the  workmen  and  the  neighbouring  vegetation.  If 
walled  condensation  chambers,  absorbing  much  mercury,  are 
used  at  the  same  time,  the  loss  of  mercury  is  very  great ;  so 
much  that,  for  instance,  the  new  Almaden  mine  in  California 
produces  only  25  per  cent  from  ores  containing  40  per  cent 
of  mercury.     The  furnaces  used  for  this  process  are  either 

*  Oesterr.  Ztschr.,  1862,  p.  197. 
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common  cupola  furnaces,  provided  with  a  grate  in  their 
lower  part,  or  furnaces  similar  to  brick  kilns,  with  the  fire- 
place on  one  side  ;  these  furnaces  decompose  the  ores  lying 
farthest  from  the  grate  less  perfeftly  than  those  ores  nearer 
to  the  fire-place. 

Furnaces  allowing  continuous  operations  possess  these  dis- 
advantages in  a  smaller  degree  if  they  have  suitable  con- 
densers. 

For  this  purpose  cupola  furnaces  are  employed  for  working 
ores  in  larger  fragments.  At  Ripa,  De  Cossigny*  first  con- 
strudled  one  of  these  furnaces,  4  metres  high,  redtangular 
in  sedtion,  furnished  with  a  movable  grate,  and  provided  with 
walled  condensation  chambers.  Hahnert  improved  upon  this 
furnace,  chiefly  by  giving  it  a  circular  shape. 

Poor  small  ore  and  schlich  are  worked  in  reverberatory 
furnaces,  as  they  would  lie  too  compaftly  in  cupola  furnaces,, 
and  hinder  the  requisite  draught. 

The  smallest  yield  of  mercury  results  from  employing 
mounds  for  roasting  the  ores. 

Illustrations  of  the  Process  of  Extradling  Mercury  in 

Mounds. 

Mercurial  fallow  ores  t  occur  in  different  parts  of  Hungary 
(Iglo,  Szlana,  Altwasser) ;  they  are  roasted  for  the  extraftion 
of  their  copper,  and  during  this  roasting  the  mercury  is 
obtained  as  a  by-produdl.  The  ores  of  the  different  localities 
have  the  following  composition  : — 
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The  mounds  employed  are  42  feet  long,  20  feet  broad,  and 
4J  feet  high,  and  are  provided,  at  a  height  of  6  or  8  inches 

*  Bulletin  de  la  Soci^t^  de  T Industrie  Min^rale.   St.  Eti^nne.  torn,  ii.,  p.  393. 

+  Ibid.,  i.,  pp.  301,  393.     B.  u.  h.  Ztg.,  1854,  P*  4^9-  Berggeist,  1862,  p.  341. 

+  B.  u.  h.  Ztg.,  i86i,'p.  151 ;  1842,  p.  245  ;  1853,  p.  708.     Bgwkfd.  vi.,  96  ; 

XVI.,  618.  Oesterr.  Ztschr.,  1853,  No.  4  and  5.  Pogg.  Ann.,  Iviii.,  161 ;  xcvi.,329. 
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from  the  bottom,  with  flues  6  inches  high  and  14  inches  long. 
The  sole  of  the  mound  is  now  covered  with  small  ore,  upon 
which  is  spread  some  ores  previously  burned,  but  mercurial;  a 
layer  of  wood  and  coal  is  next  made,  in  the  middle  of  which 
triangular  shafts  are  formed  by  pieces  of  wood,  12  feet  dis- 
tant from  each  other.  The  ore  of  different  richness,  which 
had  been  used  as  the  outside  covering  of  the  former  roasting, 
is  not  attacked  by  the  fire,  and  is  therefore  placed  on  the 
wood  3  or  5  inches  high ;  then  schlich  already  burned  is 
placed  round  the  walls  in  a  strip  2  feet  broad  and  6  inches 
high,  in  order  to  prevent  too  strong  a  draught.  The  middle 
is  filled  up  with  poor  fresh  ore  also,  to  a  height  of  6  inches, 
and  the  mound  is  filled  up  with  medium  and  best  ores,  until  ' 
they  projeft  4  inches  above  the  walls,  but  somewhat  lower 
in  the  middle  of  the  mound. 

When  the  shafts  are  kindled  by  glowing  coals,  and  filled 
up  with  small  coal,  the  decomposition  of  the  sulphides  com- 
mences ;  vapours  of  mercury  rise  and  condense  in  drops  in 
the  higher  ore  layers.  As  soon  as  the  uppermost  layer  of 
ore  is  partly  warmed,  or  vapour  of  mercury  escapes,  it  is 
covered  with  fresh  ore,  as  well  as  the  places  where  the  ore 
has  sunk.  The  roasting  process  is  finished  in  three  weeks ; 
the  upper  layers  of  ore,  containing  the  condensed  mercury,  are 
carefully  removed  by  iron  shovels,  thrown  on  a  copper  sieve 
standing  upon  a  tub,  and  washed  with  water.  The  mercury 
and  the  fine  ore  then  fall  together  into  the  tub ;  the  coarser 
ore  remaining  on  the  sieve  is  given  back  to  the  roasting. 
The  fine  ore  is  then  bolted,  thus  separating  the  mercury  and 
uniting  it  in  larger  masses  ;  it  is  kept  in  copper  vessels ;  the 
remaining  schlich  is  also  added  to  the  next  roasting.  The 
upper  layers  of  ore  are  treated  in  this  manner  as  long  as 
they  contain  traces  of  mercury ;  the  lower  layers,  having 
been  roasted  twice,  are  given  to  the  raw  smelting  for  the  ex- 
traftion  of  their  copper  and  silver.  \ 

1,624!  tons  of  ore,  containing,  according  to  assay,  24 J  tons  I 

91*5  lbs.  of  mercury,  yielded  21  tons  i6i^  cwts.  of  mercury,  with  | 

a  consumption  of  7,795  cubic  feet  of  coal,  and  37,800  cubic  | 

feet  of  wood.     In  1861,  Hungary  produced  32^-  tons  of  mer- 
cury as  a  by-produdt  of  the  roasting  of  fallow  ores.     The  •  1 
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extradtion  is  profitable  even  if  the  ores  contain  no  more  than 
^  per  cent. 

Illustrations  of  the  Extradtion  of  Mercury  in  Cupola 
Furnaces  with  Interrupted  Operations. 

A.  Old  Process  at  Idria*  in  Camiola, — The  cinnabar  ore 
occurring  in  bituminous  schists  is  metallurgically  classified : 
I,  into  ores  in  large  blocks,  fragments,  or  splinters,  varying 
in  size  from  a  cubic  foot  to  the  size  of  a  nut ;  and  2,  into 
smaller  ores,  from  the  size  of  a  nut  to  that  of  a  grain  of 
the  finest  sand. 

The  first  class  of  large  ores  comprises  three  subdivisions, 
namely,  a,  blocks  of  metalliferous  rocks,  which  are  the  most 
abundant  and  the  poorest  species  of  ore,  affording  only 
I  per  cent  of  mercury ;  6,  massive  sulphide  of  mercury,  the 
richest  and  rarest  ore,  yielding  80  per  cent,  when  it  is  picked ; 
c,  fragments  or  splinters  proceeding  from  the  breaking  and 
sorting,  and  varying  in  value  from  i  to  40  per  cent. 

The  general  aspeft  of  the  apparatus  is  indicated  by  Figs. 
145,  146,  147,  and  148. 

Fig.  145. 


Fig.  146. 


Fig.  147  represents  half  only  of  the  exterior,  as  the  two 

*  Ure's  Didlionary  of  Arts,  iii.,  p.  70. 


Digitized  by  VjOOQIC 


512  MERCURY. 

Fig.  147. 
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halves  exaftly  resemble  each  other.  In  these  figures  the 
following  objefts  are  to  be  observed  : — Figs.  145  and  146, 
a,  is  the  door  of  the  fire-place ;  6,  the  furnace  in  which  beech- 
wood  is  burned,  mixed  with  a  little  fir- wood ;  c,  the  door  of 
the  ash-pit,  extended  beneath ;  i,  a  space  in  which  the  ores 
are  deposited  upon  the  seven  (sometimes  less)  arches,  i  to  7, 
as  indicated  in  Figs.  145  and  148 ;  e,  e,  brick  tunnels  by 
which  the  smoke  of  the  fuel  and  the  vapours  of  mercury 
pass,  on  the  one  side,  into  successive  chambers  (/,  k).  /,  g.  A, 
i*  jf  *>  t>  are  passages  which  permit  the  circulation  of  the 
vapours  from  the  furnace  (a,  6,  c,  d),  to  the  chimneys  (/,  I). 
Figs.  145  and  146  exhibit  clearly  the  distribution  of  these 
openings  on  each  side  of  the  same  furnace,  and  in  each  half 
of  the  apparatus,  which  is  double,  as  Fig.  146  shows ;  the 
spaces  without  the  letters  being  in  every  respedt  similar  to 
the  spaces  mentioned  below.  The  scale  of  Fig.  146  is  double 
that  of  Fig.  145. 

w,  w'.  Fig.  146,  are  receiving  basins,  distributed  before' 
the  doors  of  each  of  the  chambers  (/,  k,  /,  k'),  to  which  the 
condensed  mercury  flowing  out  of  the  chambers  is  conveyed, 
n,  n',  is  a  trench  into  which  the  mercury  is  poured  after 
being  lifted  into  the  basins  (w),  so  that  it  may  run  towards  a 
common  chamber  (0)  in  the  sloping  dire(5tion  indicated  by 
the  arrows.  0,  leads  to  the  chamber  where  the  mercury  is 
received  in  a  porphyry  trough,  out  of  which  it  is  ladled 
and  packed  up  in  portions  of  50  or  100  lbs.  in  sheep  skins 
prepared  with  alum.  /,  /',  Fig.  145,  are  vaulted  arches, 
through  which  a  circulation  may  go  on  round  the  furnace 
(a,  by  Cy  d)y  on  the  ground  level,  gy  g',  are  the  vaults  of  the 
upper  stories,  r,  r'.  Fig.  147,  are  vaults  which  permit  access 
to  the  tunnels  (e',  e'),  Fig.  148. 
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s,  s'  and  t,  P,  Fig.  147  are  the  doors  of  the  chambers  (/,  k, 
and/',  k').  These  openings  are  shut  during  the  distillation 
by  wooden  doors  faced  with  iron,  and  luted  with  a  mortar  of 
clay  and  lime,  w,  W,  is  the  door  of  the  vaults  i  to  7  of  the 
furnace  represented  in  Fig.  145,  and  these  openings  are  also 
hermetically  shut,  v,  v  Fig.  145  are  superior  openings  of 
the  chambers  closed  during  the  operation  by  luted  plugs ; 
they  are  afterwards  opened  to  facilitate  the  cooling  of  the 
apparatus,  and  to  colledl  the  mercurial  fume,  z,  y^  x  Fig.  148, 
are  floors  which   correspond  to  the    doors  w,   w,   of   the 


Fig.  148 
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vaults  I  to  7  Fig.  145.  These  floors  are  reached  by  stairs 
set  up  in  the  different  parts  of  the  building  which  contains 
the  whole  apparatus. 

The  largest  blocks  of  metalliferous  rock  are  laid  on  the 
lower  arches;  over  these  are  arranged  the  less  bulky 
fragments,  which  are  covered  with  the  splinters  and  pieces 
of  less  dimension.  On  the  middle  vault  the  small  ore  is 
placed,  distributed  in  cylindrical  pipkins  of  earthenware, 
10  inches  in  diameter  and  5  inches  deep.  The  upper  vaults 
likewise  receive  pipkins  filled  with  schlich. 

In  three  hours  the  two  double  sets  of  apparatus  are 
charged,  and  all  the  apertures  are  closed,  by  the  labour  of 
40  men.  A  quick  fire  of  beech-wood  is  then  kindled  and 
the  temperature  gradually  raised  to  a  cherry-red  heat,  which 
will  be  in  about  12  or  15  hours.  Including  the  time  for  cool- 
ing, an  operation  lasts  about  a  week.     A  complete  charge 

VOL.  I.  2   L 
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for  the  two  double  apparatus  consists  of  from  i,ooo  to  1,300 
cwts.  of  ore,  which  will  produce  from  80  to  90  cwts.  of  fluid 
mercury. 

Of  late  the  large  ores  are  treated  in  a  cupola  furnace 
with  continuous  operations ;  and  the  small  ores  in  reverbera- 
tory  furnaces. 

The  produftion  of  mercury  in  Idria  amounted,  in  1861,  to 
4,006  cwts. 

B.  Process  atAlmaden*  in  Spain. — The  cinnabar  ore  occurs 
here  in  a  vein  from  18  to  60  feet  wide,  in  clay  slate,  and  is 
associated  with  calc  spar  and  quartz.  As  the  processes  em- 
ployed are  so  very  imperfeft,  they  only  yield  J  or  J  of  the 
mercury  contained  in  the  ores. 

Two  different  apparatus  are  used. 

I.  Aludel  furnaces,  introduced  in  1646,  by  Juan  Alonso 
Bustamente,  from  Huancavelica,  in  Peru.  Figs.  149,  150, 
151,  152,  represent  these  furnaces.    Figs.  149  and  152  repre- 

FiG.  149. 


n^O  I 


•  Dr.  Urb*s  Di^ionary  of  Arts,  vol.  iii.,  p.  69.  Ann.  d.  min.,  3  s^r.,  v.,  196; 
vi.,  362.  Bgwkfd.  xiii.,  72;  v.,  560;  xvi.,  144.  B.  u.  h.  Ztg.,  1842,  p.  939; 
1849,  p-  311 ;  1861,  p.  417.    Revista  Minera.,  torn,  xii.,  No.  276. 
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Fig.  152. 


sent  two  vertical  seftions,  and  Figs.  150  and  151  two 
plans  of  two  similar  furnaces,  joined  by  one  body  of  brick- 
work. The  following  description  will  apply  to  the  four 
figures : — a,  is  a  door  by  which  the  wood  is  introduced  into 
the  fire-place  (6);  this  is  perforated  with  holes  for  the  passage 
of  air ;  the  ash-pit  (c)  is  seen  beneath.  An  upper  chamber 
(d)  contains  the  mercurial  ores  distributed  upon  open  arches, 
which  form  the  perforated  sole  of  this  chamber.  Immediately 
over  these  arches  large  blocks  of  limestone,  very  poor  in 
mercurial  ore,  are  piled  up  in  a  dome ;  above  these  are  laid 
blocks  of  a  smaller  size,  then  ores  rather  inferior  in  quality, 
and  stamped  ores  mixed  with  rich  minerals  ;  lastly,  the 
whole  is  covered  up  with  soft  bricks,  formed  of  clay 
kneaded  with  schlich  and  small  pieces  of  sulphide  of  mer- 
cury. Six  ranges  of  pear-shaped  aludels,  or  stoneware  tubes 
(/,/)  luted  together  with  clay,  are  mounted  in  front  of  each 
of  the  two  furnaces  on  a  double  sloping  terrace,  having,  in 
the  lowest  part,  two  gutters  (t,  v)  a  little  inclined  towards 
the  intermediate  wall  (w).  In  each  range  the  aludel  placed 
at  the  line  t,  m,  v,  that  is  to  say,  at  the  lowest  point  {g, 
Figs.  149  and  152),  is  pierced  with  a  hole,  through  which 
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the  mercury  which  has  been  volatilised  in  d,  if  it  is  already 
condensed  by  the  cooling  in  the  series  of  aludels  (/,  g), 
may  pass  into  the  corresponding  gutter,  next  into  the  hole 
(m),  Fig.  151,  and  after  that  into  the  wooden  pipes  (A,  A'), 
which  conduft  it  across  the  masonry  of  the  terrace  into 
cisterns  filled  with  water;  see  q,  Fig.  151,  which  is  the  plan 
of  Fig.  152. 

The  greater  portion  of  the  mercury  is  not  condensed  in 
the  range  of  aludels,  and  goes  in  the  state  of  vapour  into  a 
chamber  (k) ;  but  in  passing  under  a  partition  (/,  /)  a  certain 
portion  is  deposited  in  a  cistern  (i)  filled  with  water.  The 
greater  part  of  the  vapours  diffused  in  the  chamber  {k')  is 
thus  condensed,  and  the  mercury  falls  down  upon  the  two 
inclined  planes  which  form  the  bottom,  any  remaining 
vapour  passing  into  an  upper  chamber  (k')  by  a  small  chimney 
(n).  On  one  of  the  sides  of  this  chamber  there  is  a  shutter 
which  may  be  opened  at  pleasure  from  below  upwards,  and 
beneath  this  shutter  is  a  gutter  in  which  a  considerable 
quantity  of  mercury  colledts ;  a  fair  amount  is  also  found 
condensed  in  the  aludels.  Twenty-five  aludels  are  set  in 
each  of  the  twelve  ranges,  constituting  300  pear-shaped 
stoneware  vessels,  open  at  both  ends,  merely  thrust  into 
one  another  and  luted  with  loam.  a,  is  the  door  of 
the  fire-place;  c,  the  perforated  arches  upon  which  the 
ore  is  piled  in  chamber  (e)  through  the  door  (d)  and  an 
orifice  at  the  top,  which  is  closed  during  the  distillation ; 
/,  /,  are  vents  for  conducing  the  mercurial  vapours  into  two 
chambers  {i)  separated  by  a  triangular  body  of  masonry(w,  n); 
h,  is  the  smoke  chimney  of  the  fire-place ;  0, 0,  are  the  ranges  of 
aludels,  in  connexion  with  the  chamber  (t),  which  slant 
towards  the  gutter  (g)  upon  the  double  inclined  plane  ter- 
race, and  terminate  in  the  chamber  (A,  g),  which  is  sur- 
mounted by  two  chimneys  (t).  The  mercury  is  colledled  in 
these  aludels  and  in  the  basins  at  q  and  p,  Fig.  151 ;  v,  is 
the  stair  of  the  aludel  terrace,  leading  to  the  platform  which 
surmounts  the  furnace  ;  z,  is  a  gutter  for  condudling  away 
any  rain  falling  upon  the  buildings.  Fig.  152. 

The  furnace  shaft,  composed  of  a  fire-place  and  space  for 
the  ore,  is  6  feet  wide  and  from  25  to  30  feet  high.   A  charge 
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consists  of  about  ii  j-  tons  of  ore,  which  is  distributed  in  the 
furnace  as  follows: — 18  cwts.  of  non-metalliferous  or  dead 
mineral  in  large  pieces  are  used  to  cover  the  grate  (perforated 
arched  roof),  upon  this  21  cwts.  of  large  pieces  of  ore,  yielding 
from  0*25  to  075  per  cent  of  mercury,  are  placed,  then  51  cwts. 
of  ore  in  smaller  pieces  containing  from  4J  to  6  per  cent ;  they 
are  covered  first  with  i  ton  17  cwts.  of  ore  containing  from 
15  to  20  per  cent,  and  then  with  2  tons  11  cwts.  of  ore  con- 
taining 4J  to  6  per  cent ;  and  on  the  top  of  all  2  tons  6  cwts. 
of  small  ore  formed  into  bricks.  After  having  walled  up  the 
charging  openings,  a  strong  fire  is  kept  on  the  first  day  for 
10  hours ;  the  furnace  is  then  left  for  the  night,  and  the  re- 
maining glowing  coals  are  stirred  on  the  following  morning 
to  heat  the  air  passing  through  the  furnace.  The  furnace 
is  allowed  to  cool  on  the  third  day,  and  the  residues  are  re- 
moved on  the  fourth.  Most  mercury  is  obtained  on  the 
second  day. 

The  loss  of  mercury  is  considerable,  and  the  aludels  are 
very  friable  and  troublesome  to  keep  tight ;  the  process  is 
also  very  unhealthy  for  the  workmen,  and  has  the  disadvan- 
tage of  being  interrupted  after  each  charge. 

2.  The  furnaces  of  Idria  have  been  introduced  into  Almaden 
since  i860.  They  have  2^  times  the  capacity  of  the  aludel 
furnaces.  It  is  a  singular  fadl  that  here,  as  in  Idria,  the 
vapours  of  mercury  have  the  greatest  tendency  to  escape 
through  the  walling  in  the  third  chamber. 

About  13,300  tons  of  mercurial  ores  are  annually  worked 
in  2  furnaces  of  Idria,  and  8  aludel  furnaces,  yielding  from 
7*5  to  8*5  per  cent,  or  about  1,000  tons  of  mercury,  which  is 
sold  in  iron  flasks  15  inches  long,  and  5  or  6  inches  wide, 
each  containing  about  87  lbs. 

C.  Process  at  New  Almaden,  in  California. — Mercury  is 
produced  by  adding  cinnabar  to  the  limestone  intended  for 
burning  in  cupola  furnaces.  The  furnace  (brick  kiln),  capable 
of  containing  20  tons  of  ore,  is  7  feet  long,  4  feet  broad,  and 
5  feet  high,  and  is  furnished  on  one  side  with  a  fire-place 
from  3  to  5  feet  high,  which  is  separated  from  it  by  a 
perforated  partition  wall.  It  is  connedted  with  eight  or  nine 
walled  condensation  chambers,  and  with  a  wooden  chamber 
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in  which  a  continual  shower  of  water  is  kept  up.  The 
uncondensed  vapour  escapes  by  a  wooden  chimney.  The 
fire  is  kept  up  for  60  hours,  and  the  furnace  requires  48  hours 
for  cooling.  The  walls  of  the  condensation  chambers  imbibe, 
before  any  mercury  is  yielded,  about  2  tons  of  mercury,  and 
ores  containing  40  per  cent,  yield  at  the  utmost  25  per  cent. 
Both  workmen  and  vegetation  are  much  injured  by  the 
vapours,  but  as  the  production  is  exceedingly  profitable, 
larger  furnaces  of  100  tons  capacity  have  lately  been 
erefted. 

In  California  more  profitable  apparatus  has  been  intro- 
duced into  other  establishments. 

Illustrations  of  the  Extradlion  of  Mercury  in  Cupola 
Furnaces  with  continuous  Operations. 

A.  New  Process  in  Idria. — Since  1850  this  process  has  been 
used  with  greatest  advantage  for  working  ores  in  pieces 
larger  than  2  or  4  inches  square.  The  furnaces  constru(5ted 
by  Hahner  are  represented  by  Figs.  153  and  154.  a,  is  the 
furnace  shaft  for  receiving  the  ore  ;  6,  the  funnel  for  charging 
the  ore;  c,  the  grate  construdted  of  movable  iron  rods 
2\  inches  distant  from  each  other ;  i,  is  a  tramway  used  for 
transporting  the  roasted  ores ;  0,  a  sliding  valve ;  /,  a  flue 
connedling  the  furnace  with  six  condensation  chambers  ig) ; 
they  are  covered  with  iron  plates  (t),  upon  which  flows  a  con- 
tinuous stream  of  cold  water.  The  walls  of  the  chambers 
are  constructed  of  bricks,  and  coated  with  a  mortar  of  lime 
and  sand  ;  A,  chimney  in  three  tiers  one  above  another, 
forming  terraces  upon  which  cold  water  is  condudled ;  ft, 
openings  by  which  the  chambers  communicate  with  each 
other ;  /,  sole  of  the  chambers,  consisting  of  three  layers,  the 
highest  and  lowest  formed  of  loam,  and  the  middle  layer  of 
brick-work. 

A  certain  number  of  bricks,  with  pieces  of  wood  between 
them,  are  placed  upon  the  grate  to  reduce  its  interstices,  then 
brush-wood  or  coal,  upon  which  poor  ore  is  charged.  The 
furnace  is  now  filled  with  richer  ore  and  coal  in  alternate 
layers  to  a  height  of  about  4  metres.  The  wood  upon  the 
grate  is  kindled,  and  the  fire  made  to  rise  so  slowly  that  it 
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Fig.  153. 
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only  appears  on  the  upper  surface  of  the  charges  at  the  end 
of  the  second  day,  thus  preventing  too  great  a  development 
of  steam.  Ore  charges  of  7  cwts.  each,  with  3  or  4  per  cent 
of  charcoal  are  then  made  about  every  J  of  an  hour, 
by  means  of  the  hopper,  whilst  any  roasted  ore  of  a  certain 
quality  is  removed  in  waggons  on  the  tramway.  The 
charges  remain  in  the  furnace  about  23  hours. 

The  ores,  containing  on  an  average 3*11  percent  mercury, 
yield  I'go  per  cent.  One  cwt.  of  mercury  in  Idria  costs  for 
its  produ(5tion  about  £6,  namely,  £4.  for  the  ore,  £1  12s.  for 
smelting,  and  8s.  for  package ;  the  market  price  is  about 
£iy  i6s.  per  cwt. 
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B.  In  Tuscany* — Cinnabar  is  found  occurring  in  mica-slate 
in  diiferent  parts  of  Tuscany,  and  is  treated  at  the  smelting 
works  of  Ripa  and  Castellazara  for  the  produiStion  of  mercury. 

Ure's  furnace  was  formerly  used  at  Ripa,  and  lately  re- 
placed by  Cossigny's  cupola  furnace  ;  this  is  now  superseded 
by  Hahner's  furnace,  which  allows  a  saving  of  fuel  and  a 
cheaper  dressing  of  the  ores,  as  this  furnace  does  not  require 
ores  so  perfeftly  dressed.  These  furnaces  treat  daily  about 
4  tons  of  ore,  nearly  in  the  state  in  which  it  comes  from  the 
mine,  consuming  about  320  lbs.  of  coal ;  i  ton  of  ore  yields 
about  5  or  6  lbs.  of  mercury. 

The  Hahner  furnaces  at  Castellazara  are  provided  with 
a  more  complete  system  of  condensation  chambers  than  those 
at  other  places.  The  shaft  of  the  furnace,  2*2  metres  high 
above  the  grate  and  0*4  metres  wide,  communicates  with 
three  walled  condensation  chambers,  each  2  metres  high 
and  075  metre  wide,  by  means  of  an  inclined  flue  1*2  metres 
long  and  0"i6  metre  high.  The  hemispherical  bottom  of  the 
chambers  is  construiSted  of  cast-iron  and  provided  with  a 
tube,  through  which  the  mercury  runs  into  a  vessel  standing 
below.  A  channel,  0*3  metre  high  and  7  or  7J  metres  long, 
leads  from  the  third  chamber  0*4  metre  above  its  bottom,  and 
has  first  a  downward  curve,  and  is  then  somewhat  inclined 
and  partly  covered  with  water.  It  enters  a  condensation 
chamber  i  metre  wide  and  1*5  metres  high,  and  jets  of  water 
play  on  this  point.  From  the  last  chamber  issues  a  channel 
o'4  metre  high,  somewhat  ascending  to  a  vertical  chimney 
0"i6  metre  wide ;  both  chimney  and  channel  are  provided 
with  sliding  doors,  and  this  channel  is  also  used  to  get  rid 
of  the  evolved  carbonic  acid. 

Poor  ores,  for  instance  those  containing  from  0*003  to 
0*004  P^*"  ^^^^  ^f  mercury,  and  clay  earth  poor  in  cinnabar, 
are  treated  in  this  furnace.  The  cost  of  distilling  i  cwt. 
of  ore  amounts  to  about  i*4d.  The  largest  amount  of  mer- 
cury and  a  great  deal  of  rich  mercurial  fume  are  collefted  in 
the  first  three  chambers ;  a  great  deal  of  pure  liquid  bitumen, 

*  Bullet,  de  la  Soci6t£  de  Pindustrie  min^rale,  St.  Etienne,  ii.,  383, 390, 401. 
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and  a  creosote-like  empyreumatic  oil  coUedt  at  the  end  of  the 
channel  standing  under  water. 

C.  At  Vallata,*  in  Venetia,  mercurial  ores  are  found  in 
porphyry,  varying  in  richness  from  0*5  to  60  and  even  70  per 
cent ;  the  average  amount  of  the  whole  mass  not  being,  how- 
ever, more  than  0*75  per  cent.  The  ores  in  fragments  were 
formerly  worked  in  cupola  furnaces  and  the  schlich  in  rever- 
beratory  furnaces,  but  the  increasing  price  of  wood  has  led 
to  a  treatment  of  the  schlich  in  cupola  furnaces.  It  is  formed 
into  lumps  after  being  moistened  with  the  vitriol  lixivium 
obtained  in  the  distilling  process  previous  to  treatment. 

The  cupola  furnace  is  connected  with  wooden  condensation 
tubes. 

D.  At  the  Ptonir  tnine,  in  California,!  a  cupola  furnace 
20  feet  high  and  4  feet  wide  is  used.  Its  counters  are 
separated  from  the  rough  walling  by  a  space  6  inches  wide, 
and  filled  up  with  wood  ashes.  This  construftion  allows 
expansion  of  the  counters,  and  prevents  any  escape  of  mer- 
curial vapours  by  cracks.  The  mercurial  vapours  are  led 
on  to  a  surface  of  water  by  means  of  an  iron  tube  at  an  angle 
of  40^  which  condenses  the  greater  part  of  them.  The 
escaping  vapours  pass  through  a  channel  coated  with  cement, 
300  feet  long,  and  ascending  at  an  angle  of  20""  up  a  hill  into 
a  chimney.  The  condensed  mercury  is  washed  by  water 
from  the  top  of  the  channel  to  the  lowest  point,  where  it  is 
tapped  off ;  the  channel  is  thus  kept  constantly  filled  with 
steam  of  low  pressure  which  assists  the  condensation  of  the 
mercurial  vapours. 

Illustrations  of  the  Extradlion  .of  Mercury  in   Rever- 
beratory  Furnaces  with  continuous  Operations. 

This  method  of  extra(5tion  is  used  at  Idriat  to  work  small 
ore  containing  from  f  to  i  per  cent  of  mercury,  and  is  found 
to  answer  well.  The  furnaces  construfted  by  Alberti  are 
represented  by  Figs.  155,  156,  and  157.    a  is  the  hearth  of 

*  Oest.  Ztschr.,  1862,  p.  195.     B.  u.  h.  Ztg.,  1861,  p.  419. 

t  Berggeist,  1862,  p.  341. 

I  TuNNER*s  Jahrb.,  1852,  pp.  50,  263.    Ann.  d.  min.,  i  livr.,  de  1854,  p.  42. 
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the  reverberatory  furnace  in  three  partitions ;  b  is  the  hopper 
for  charging  the  ore  which  may  be  closed  by  the  sliding  door; 
c  is  a  space  between  hearth  and  fire-bridge  for  receiving  the 
roasted  ore  from  the  first  partition ;  d,  walled  chambers ; 
e,  e,  wooden  gutters  filled  with  water ;  these  are  perforated, 
and  the  holes  are  partly  closed  with  wooden  plugs  fitting 
imperfeftly,  so  as  to  allow  a  constant  dropping  of  water. 
/,  /,  lower  cast-iron  condensation  tubes  cooled  by  the  drop- 
ping water,  and  intended  to  condense  the  mercury  vapours. 
The  uncondensed  vapours  are  condudted  to  two  lower  cham- 
bers {g)y  and  two  upper  ones  {g*) ;  from  these  they  enter  the 
chamber  {d!)  by  means  of  the  tubes  (A),  and  afterwards  the 
chimney  (A),  which  is  divided  into  three  compartments  by 
two  vertical  brick  walls  {%)  six  inches  thick.  Finally  all  the 
uncondensed  produ(5ts  of  combustion  escape  into  the  open 
air  at  I.  m  is  the  working  door  with  a  little  chimney  above ; 
n,  vessels  for  receiving  the  mercury  condensed  in  the  tubes  (/). 
The  small  ore  of  two  or  three  cubic  inches  in  size  is 
charged  in  quantities  of  2J  tons  by  means  of  the  hopper  (6), 
and  spread  out  upon  the  hearth  in  a  layer  5  or  6  inches 
high.  The  first  half  of  the  hearth  is  now  heated  to  redness 
with  pieces  of  wood  3  feet  long,  the  working  door  being 
closed  and  luted ;  the  fire  is  then  allowed  to  go  partly  out, 
the  hot  small  ore  is  turned  for  five  or  six  minutes,  and  the 
working  door  again  closed  and  luted,  the  fire  is  raised  for  about 
twenty  minutes  till  the  turned  ore  on  the  first  half  of  the 
hearth  becomes  red  hot.  At  this  point  the  ore  lying  on  the 
first  third  of  the  hearth  is  removed  into  the  space  c.  The  ore 
on  the  second  third  is  turned  and  placed  on  the  first  third  of 
the  hearth,  and  that  on  the  last  third  is  placed  on  the  second, 
whilst  a  new  charge  of  15  cwts.  of  ore  is  added  on  the  last  third 
in  such  a  manner  that  half  of  the  charge  is  spread  out  and 
the  other  half  remains  in  a  heap.  The  working  door  is  again 
closed,  and  the  first  half  of  the  hearth  heated  till  red  hot, 
when  the  ore  is  removed  as  before. 
The  following  produfts  result  from  this  process  : — 
a.  Mercury,  including  that  contained  in  the  produ(5ts  and 
colle(5ted  in  the  different  condensers,  in  the  following  propor- 
tions : — 
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0*6  per  cent  in  the  first  chamber  (d). 
95'i        „  „      lower  tubes  (/)  and  the  chambers  {g). 

2*8        „  „      upper  tubes  (A)  and  the  chambers  (g'). 

1*5        „  „      chamber  (i'). 

lOO'O 

b.  Mercurial  Soot  or  Fume  from  the  chambers,  containing 
about  50  per  cent  of  mercury.  It  is  dried  on  dishes,  and 
raked  about  on  an  inclined  plane  by  wooden  rakes  till  mer- 
cury ceases  to  flow  out.  The  residue,  containing  from  15  to 
20  per  cent  of  mercury,  is  heated  in  iron  tubes  which  are 
connected  with  condensation  tubes  ;  the  condensed  mercury 
runs  out  from  the  condensation  tubes  into  a  reservoir ;  the 
chambers  are  cleaned  once  a  year. 

c.  Residues  from  the  iron  tubes,  consisting  of  water,  car- 
boniferous soot,  particles  of  ore,  drops  of  mercury,  empyreu- 
matic  products,  &c.,  and  forming  a  slime  which  solidifies 
later.  They  contain  from  40  to  50  per  cent  of  mercury, 
are  removed  every  six  months,  and  are  treated  in  the  same 
manner  as  the  mercurial  soot. 

Two  Alberti  furnaces  placed  side  by  side  work  13  tons  of 
ore  and  10  tons  of  schlich  daily,  involving  a  loss  of  from  5  to 
10  per  cent  of  mercury.  Cupola  furnaces  and  large  ore  con- 
sume about  25  cubic  feet  of  wood  per  cwt.  of  mercury,  and 
reverberatory  furnaces  about  50  cubic  feet. 

II.  Extradlion  of  Mercury  by  the  Decomposition  of 
Cinnabar  by  Fluxes  in  Closed  Vessels. 

This  method  requires  more  time  and  fuel,  and  a  finer  division 
of  the  ores,  so  that  they  may  mix  properly  with  the  fluxes  ; 
it  is  therefore  more  expensive.  On  the  other  hand,  it  allows 
a  more  perfedt  condensation  of  the  mercury,  and  is  less 
hurtful  to  the  workmen. 

Whilst  furnaces  with  interrupted  operations  require  the 
richest  ores,  and  consume  more  fuel  with  a  smaller  produc- 
tion, Ure's  furnaces  with  continuous  operations  are  cheaper 
to  work,  and  give  a  larger  production  if  the  condensers  are 
suitably  construfted. 


Digitized  by  VjOOQ IC 


EXTRACTION   OF   MERCURY   IN   GALLERY   FURNACES.      525 

Ure's  furnace  is  used  with  some  modifications.  In  some 
furnaces  the  fire  is  placed  below  the  hearth,  and  in  others 
at  the  side  of  it ;  but  the  first  arrangement  is  preferable,  as 
the  fuel  is  most  advantageously  used  when  the  flame  is  con- 
ducted below;  the  construction  of  the  condensers  varies 
little  in  the  different  smelting  works. 

The  distilling  vessels  are  made  either  of  clay  or  of 
cast-iron,  and  placed  in  a  horizontal  or  vertical  position ; 
the  bell  apparatus  at  Horzowitz  are  similarly  constructed. 

In  California*  a  comparison  of  the  furnaces  with  inter- 
rupted operations  and  Ure's  furnace  gave  the  following 
results : — 

Supposing  the  cost  per  day  for  labour  to  amount  to 

3  dollars,  and  for  fuel  to  4  dollars  per  112  cubic  feet,  the 
cost  of  reducing  i  ton  of  ore  would  amount  respectively  to 

4  and  16  dollars,  or  12  dollars  more  in  retort  furnaces,  cor- 
responding to  30  lbs.  of  mercury,  or  i  J  per  cent.  Rich  ores 
containing  from  20  to  30  per  cent  of  mercury  will  give  five 
times  as  good  a  result  if  worked  in  retort  furnaces,  whilst 
poor  ores  cannot  be  treated  in  them.  One  disadvantage  of 
the  retorts  is  their  small  production,  as  the  heat  does  not 
penetrate  the  ore  sufficiently  on  account  of  their  larger 
dimensions,  and  the  mercurial  vapours  escape  with  difficulty. 
A  larger  production  entails  a  larger  establishment  and  more 
workmen. 

Rotating  retorts  have  been  tried  with  a  view  to  avoid 
these  disadvantages,  but  reduction  will  always  be  more  ex- 
pensive than  the  treatment  of  ores  in  cupola  furnaces,  though 
the  greater  yield  may  overbalance  it  when  treating  rich  ores. 

Illustrations  of  the  Process  of  Extradling  Mercury  in 
Furnaces  with  interrupted  Operations. 

Older  Method  in  the  Palatinate  A — ^The  poor  ores  worked  here 
are  cinnabar  disseminated  in  sandstone,  usually  containing 
0*005  per  cent,  sometimes  o*oi  per  cent  of  mercury.  They 
must  contain  at  least  o"ooi66  in  order  to  make  their  working 

•  Berggeist,  1862,  p.  342. 

f  Joum.  d.  min.,  N08.  6,  7,  17.  B.  u.  h.  Ztg.,  1S60,  p.  398.  Bgwkfd.,  i.,  256. 
Karst.  Archiv.,  i  R.,  iii.,  36;  2  R.,  xxii.,  375. 
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profitable ;  they  are  sorted  by  hand  and  worked  in  pieces  of 
the  size  of  a  walnut  down  to  the  size  of  a  lentil.  The  furnaces 
used  are  the  so-called  gallery  furnaces.*  They  are  so  con- 
stru(5ted  as  to  contain  four  ranges  (a,  a,  b,  6'),  of  large  retorts, 
styled  cucurbits,  of  cast-iron,  in  which  the  mercury  ore  is 
subjetfted  to  distillation.  This  arrangement  is  shown  in 
Fig.  158,  which  gives  a  vertical  sedlion  on  the  line  (a,  b)  of 

Fig.  158. 


the  ground  plan  (Fig.  159).  In  the  ground  plan  the  roof  of 
the  fiumace  (Fig.  158)  is  supposed  to  be  lifted  off  in  order  to 
show  the  disposition  of  the  four  ranges  of  cucurbits  upon  the 
grate  (c.  Figs.  159  and  160),  which  receives  the  pit  coal  as 
fuel.  Under  this  grate  extends  an  ash-pit  (d),  shown  in 
Fig.  160,  which  exhibits  an  elevation  of  the  furnace,  as  well 

Fig.  159. 


Fig.  160. 


Ure's  Didionary  of  Arts,  iii.,  p.  68. 
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as  one  of  the  two  doors  (c),  by  which  the  fuel  is  thrown  upon 
the  grate.  Openings  (e,  e,  Fig.  158),  are  left  in  the  arch 
of  the  furnace,  whereby  the  draught  may  receive  a  suitable 
diredtion.  The  grate  of  the  fire-place  extends  over  the  whole 
length  of  the  furnace  (Fig.  159),  from  the  door  c  to  the  door 
/,  situated  at  the  opposite  extremity.  The  furnace  usually 
includes  30  cucurbits,  but  occasionally  as  many  as  52.  Into 
each  are  introduced  from  56  to  70  lbs.  of  ore  and  15  to  18  lbs. 
of  quick  lime,  an  admixture  which  fills  no  more  than  }rds  of 
the  cucurbit ;  a  stoneware  receiver  is  adapted  to  the  neck, 
containing  water  to  half  its  height.  The  fire  is  moderate  at 
first,  and  afterwards  increased  till  the  cucurbits  are  red  hot. 
When  the  operation  is  concluded  the  contents  of  the  receivers 
are  poured  into  a  wooden  bowl  placed  upon  a  plank  above  a 
bucket ;  the  mercury  falls  to  the  bottom  of  the  bowl,  and  the 
water  carries  over  the  black  mercury,  as  the  substance  coating 
the  inside  of  the  receivers  is  called.  This  is  considered  to 
be  a  mixture  of  sulphide  and  oxide  of  mercury.  The  black 
mercury  is  taken  out  of  the  tub  and  dried,  and  re-distilled 
with  an  excess  of  lime,  after  which  the  residue  in  the  retorts 
is  thrown  away  as  useless. 

At  Landsberg,  near  Obermoschel,  one  charge  of  5  cwts.  of 
ore  mixed  with  i  or  2  cwts.  of  lime  is  finished  in  about 
6  hours'  time,  or  three  distillations  daily,  consuming  15  cwts. 
of  coal,  and  producing  about  J^  cwt.  of  mercury ;  60  tons  of  ore 
and  150  tons  of  coal,  therefore,  are  required  for  the  produc- 
tion of  5  tons  of  mercury,  whilst  at  Potzberg  400  tons  of  ore 
and  100  tons  of  coal  are  used  for  the  same  produdtion. 

At  Horzowitz,  in  Bohemia,*  cinnabar  was  formerly  treated 
in  bell  furnaces  similar  to  those  used  for  silver  amalgam  in 
admixture  with  iron  scales.  Quantities  of  half  cwts.  of  ore 
and  quarter  cwts.  of  iron  scale  were  heated  for  30  or  36  hours. 

At  i^alathna,  in  Transylvania,  gallery  furnaces  with 
60  stoneware  retorts,  and  lime  as  a  flux,  were  formerly  used, 
but  they  have  been  superseded  by  Ure's  furnaces. 

*  RosENBAUM  in  Bergbaukunde,  i.,  200.  Gmelin,  Handb.  d.  Chem.,  iii.,  468. 
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Illustrations  of  the  Extradlion  of  Mercury  in  Furnaces 
with  continuous  Operations. 

A.  New  Method  used  in  the  Palatinate.* — In  1847,  a  new 
distillation  apparatus,  represented  by  Figs.  161^  162,  and  i63» 
was  introduced  into  Landsberg  by  Dr.  Ure. 

Fig.  161  is  a  seftion,  parallel  to  the  front  elevation,  of  three 
arched  benches  of  retorts,  with  an  area  of  at  least  i  square 
foot,  and  7  feet  in  length.  Each  bench  contains  three  retorts, 
whose  shape  is  shown  by  a,  a,  a;  i,  is  the  single  fire-place 
or  furnace,   capable  of  giving  adequate  heat  to  the  three 

Fig.  161. 


•  Ure's  Did^ionary  of  Arts,  iii.,  72. 
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retorts,  by  coal  or  wood.  In  the  seftion  (Fig.  162)  a  is  the 
body  of  the  retort ;  its  mouth  is  at  the  right  hand,  and  is  shut 
by  a  luted  iron,  secured  with  a  cross  bar  and  screw  bolts  ; 
its  other  end  is  prolonged  by  a  sloping  pipe  of  cast-iron 
4  inches  in  diameter,  furnished  with  a  nozzle  hole  (/),  closed 
by  a  screw  plug.  A  wire  rod  may  be  introduced  through 
this  hole  to  ascertain  that  the  tube  is  pervious,  and  to  cleanse 
it  from  the  mercurial  soot  when  necessary.  ^  is  a  cross 
seftion  of  the  main  condenser,  shown  in  a  longitudinal  sedtion 
at  c,  c  (Fig.  163).  This  pipe  is  18  inches  in  diameter,  and 
about  20  feet  long.  At  «,  a,  &c.,  the  back  ends  of  the  retorts 
are  seen  with  the  slanting  tubes  6,  6,  &c.,  descending  through 
orifices  in  the  upper  surface  of  the  condenser  pipe,  and  dipping 
their  ends  just  below  the  water  line  (A,  i) ;  g  is  the  cap  of  a 
water  valve  which  removes  all  risk  of  danger  from  sudden 
expansion  and  condensation.  The  condenser  is  placed  within 
a  redtangular  trough,  made  either  of  wood  or  stone,  through 
which  a  sufficient  stream  of  water  passes  to  keep  it  perfeftly 
cool,  and  condense  every  trace  of  mercurial  vapour.  It  has 
a  slight  inclination  from  %  to  A,  so  that  the  condensed  mer- 
cury may  spontaneously  flow  along  the  bottom,  and  pass 
through  the  vertical  tube  (d)  into  the  locked  iron  chest  or 
magazine  {e).  This  tube  (d)  is/rom  the  beginning  closed  at  the 
bottom  by  immersion  in  a  shallow  iron  cup  always  filled  with 
mercury  ;  ft  is  a  graduated  guage  rod  to  indicate  the  progres- 
sive accumulation  of  mercury  in  the  chest. 

As  the  retorts  are  kept  in  a  state  of  nearly  uniform  igni- 
tion, like  those  of  gas  works,  neither  they  nor  the  furnaces 
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are  liable  to  be  injured  in  their  joints  by  the  alternate  con- 
tradlions  and  expansions  which  they  would  inevitably  suffer 
if  allowed  to  cool ;  and  being  always  ready  heated  to  the 
proper  degree  for  decomposing  the  mercurial  ores,  they  are 
capable  of  working  off,  under  skilful  management,  a  charge 
in  3  hours ;  thus,  in  24  hours,  with  a  relay  of  labourers, 
8  charges  of  at  least  5  cwts.  each  might  be  smelted,  equal 
to  2  tons  with  three  retorts,  and  6  tons  with  nine  retorts. 

The  ore  treated  in  this  furnace  should  be  ground  to  a 
moderately  fine  powder,  so  that  when  mixed  with  quick  lime 
the  cinnabar  may  be  brought  into  intimate  conta<5t  with  it. 

B.  Method  at  New  Altnaden  and  New  Idria*  in  California. 
— According  to  Bealey,  the  cinnabar  ores  contain — 

Hg 69-90 

S ii"29 

Fe 1-23 

CaO i"40 

MgO 0*49 

AUO3 061 

SiOg 14*41 

400  lbs.  of  ores  of  the  size  of  a  nut,  and  mixed  so  as  to  con  - 
tain  40  per  cent  of  mercury,  are  mixed  with  600  lbs.  of  pul- 
verised quick  lime,  and  heated  in  iron  retorts  at  a  moderate 
red  heat  for  from  21  to  32  hours,  according  to  the  quality  of 
the  fuel  (wood).  The  mercurial  fume  condenses  in  a  vertical 
conical  receiver,  which  is  kept  cool  by  dropping  water  upon 
it.     The  resulting  mercury  is  tapped  off  by  a  pipe. 

100  lbs.  of  ore,  containing  40  per  cent  of  mercury,  consume 
an  equal  quantity  of  good  air-dried  wood ;  100  lbs.  of  ore, 
containing  i  per  cent  of  mercury,  require  50  lbs.  of  wood. 

Some  establishments  use  vertical  retorts,  each  8  feet  long. 
One  of  these  retorts  treats  125  lbs.  of  ore,  mixed  with  quick 
lime,  in  4  hours.  The  volatilised  mercury  colledls  in  receivers 
under  water.  The  rotating  retorts,  3  feet  long  and  2^^  feet 
wide,  at  Enriqueta  mine,  treat  the  same  quantity  of  ore 
(125  lbs.)  in  2  hours. 

•  B.  u.  h.  Ztg.,  1851,  p.  769;  1857,  P-  377»;  i86i,p.  316;  1862,  p.  227. 
Bgwkfd.,  xvi.,  144.    Berggeist,  1856,  p.  219 ;  1858,  p.  165  ;  1862,  pp.  337,  342. 
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In  1861,  the  produdlion  of  mercury  throughout  the  world 
amounted  to  3,050  tons  ;  of  these  were  produced — 

In  California 1775  tons. 

„  Almaden,  in  Spain      ....  1000     ,, 

,,  Huancavelica,  in  Peru   .     .     .  150     ,, 

„  Germany,  Austria,  and  France  125     „ 

3050  tons. 


2  M  2 
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PRINCIPAL  ORES  OP  BISMUTH. 

The  principal  ore,  and  almost  the  only  source  of  the  metal 
used  in  the  arts,  is  Native  Bismuth,  sometimes  associated 
with  Bismuth  Glance,  BiaOj;  bismuth  ochre  occurs  in 
smaller  quantities.  These  ores  are  generally  associated  with 
nickel  and  cobalt  ores. 

Bismuth  is  also  found  in  certain  smelting  products,  such 
as  cobalt  speiss  for  the  manufacture  of  smalt,  and  speiss  and 
matt  obtained  from  smelting  argentiferous  cobalt  and  nickel 
ores.  A  certain  amount  of  bismuth  is  sometimes  concen- 
trated in  the  intermediate  produfts  resulting  from  smelting 
lead,  copper,  and  silver  ores,*  when  it  cannot  be  detected  in 
the  ores  themselves. 

Synopsis  of  Processes  for  the  Extradlion  of  Bismuth 
from  its  Ores. 

Bismuth  may  be  extracted  from  its  ores — 

I.  By  a  Liquation  Process,  which  is  the  one  most 
commonly  employed.  This  process  consists  of  heating  the 
ores  to  249°  C,  at  which  temperature  the  bismuth  will  melt 
and  run  out  of  the  earthy  and  metallic  associates ;  in  this 
manner  bismuth  is  sometimes  obtained  as  a  by-produdl 
when  purifying  cobalt  and  nickel  ores.  The  methods  of 
liquation  adopted  in  the  different  smelting  works  differ  chiefly 

•  B.  u.  h.  Ztg.,  1854,  p.  112  ;  1859,  pp.  67,  287,  420.     Bgwkfd.,  iii.,  289. 
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in  the  construdlion  of  the  liquation  apparatus,  which  exerts 
essential  influence  upon  the  yield  of  metal,  and  on  the  con- 
sumption of  fuel.  The  process  may  be  considered  cheap  on 
the  whole,  and  the  greater  part  of  the  lead  which  the  bis- 
muth ores  may  contain  will  remain  in  the  residues ;  on  the 
other  hand,  the  yield  of  bismuth  is  much  less  than  that 
obtained  by  smelting  in  crucibles. 

The  resulting  produfts  are : — 

Bismuth,  usually  containing  some  lead,  nickel,  copper, 
arsenic,  iron,  and  sulphide  of  bismuth.  These  impurities 
make  it  necessary  that  the  bismuth  should  be  subje<5led  to 
one  of  the  following  treatments  : — 

a.  It  is  again  liquated  at  a  low  temperature  on  an  inclined 
plane,  and  poured  into  round  flat  moulds  just  before  it  soli- 
difles ;  sulphide  of  bismuth,  which  solidifies  sooner  than 
metallic  bismuth,  becomes  separated  in  a  crystalline  mass. 
Schneider*  states  that  if  impure  bismuth  is  poured  on  a 
cold  plate,  the  combinations  of  bismuth  with  foreign  sub- 
stances solidify  first,  and  pure  liquid  bismuth  breaks  from  the 
chilling  surface. 

b.  Bismuth  may  be  purified  by  melting  in  a  crucible, 
from  time  to  time  adding  saltpetre  whilst  stirring  it,  until  a 
sample  taken  into  the  air  assumes  a  green  and  golden  yellow 
colour  on  its  surface.  Blue,  violet,  and  rose-red  colours 
show  that  the  metal  is  still  impure.  Fine  large  crystals  of 
pure  bismuth  may  be  formed  by  covering  the  crucible 
with  a  lid  with  some  coal  laid  upon  it ;  the  surface  of  the 
metal  bath  is  thus  solidified,  and  crystals  will  be  left  behind 
on  piercing  the  crust  and  pouring  out  the  liquid  contents. 

c.  Bismuth  may  be  re-melted  in  iron  pans,  and  the  im- 
purities skimmed  off. 

d.  It  may  be  cupelled  on  a  cupelling  hearth.  Oxide  of 
bismuth  will  be  imbibed  by  the  ash  of  the  hearth,  from  which 
it  may  be  reduced  in  a  nearly  pure  condition  by  smelting  the 
ash  together  with  black  flux  ;  such  impurities  as  iron,  nickel, 
&c.,  will  remain  on  the  hearth.     Bismuth  so  purified  still 

•  Pogg.  Ann.,  Bd.  96,  p.  494.    Bgwkfd.,  1855,  No.  47,  p.  718. 
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retains  small  quantities  of  arsenic,  sulphur,  and  iron,  which 
can  be  thoroughly  extradted  only  in  the  wet  way. 

If  bismuth  contains  a  larger  amount  of  lead,  or  if  small 
quantities  of  bismuth  contained  in  ores  coUedt  in  the  lead, 
the  separation  of  both  metals  may  be  eflfefted,  according  to 
Patera,*  by  an  oxidising  smelting  in  a  cupelling  furnace. 

Upon  cupelling  lead  containing  bismuth,  the  lead  first 
oxidises,  and  a  greenish  black  litharge,  rich  in  bismuth,  is 
formed  towards  the  end  of  the  process.  Upon  reducing 
this  litharge  in  a  small  cupola  furnace,  and  re- cupelling  the 
resulting  lead,  lead  will  again  oxidise  and  part  run  oif  as 
litharge,  whilst  part  is  absorbed  by  the  hearth ;  the  last 
litharge,  which  will  be  green,  becomes  poorer  in  lead  and 
richer  in  bismuth,  until  at  last,  bismuth  almost  free  from 
lead  remains  on  the  hearth,  which  is  easily  ascertained  from 
samples  taken  about  every  half-hour  or  hour,  and  assayed 
by  Patera's  method  in  the  wet  way.  80  per  cent  of  the 
bismuth  treated  is  extradled  in  this  manner,  and  contains 
only  traces  of  lead  and  iron,  and  0*42  per  cent  of  silver. 
The  alloy  reduced  from  the  green  litharge  contains  34*5  per 
cent  of  bismuth,  and  65*5  per  cent  of  lead. 

Vogl  t  states  that  bismuth  is  not  more  volatile  than  lead, 
as  the  loss  of  metal,  upon  cupelling  the  raw  lead  of  Joachims- 
thal,  always  amounts  to  7  or  9  per  cent,  independent  of  the 
amount  of  bismuth  contained  in  the  raw  lead.  Lead  con- 
taining bismuth  does  not  require  so  high  a  temperature  for 
cupelling  as  pure  lead,  but  it  requires  a  longer  time  for  its 
oxidation,  which  is  slower  and  more  difi&cult ;  whilst  7 J  tons 
of  pure  lead  may  be  cupelled  in  24  hours,  or  even  less,  lead 
containing  bismuth  takes  three  or  four  times  as  long. 

Litharge  containing  bismuth  has  been  treated  in  the  wet 
way — i.e.,  with  muriatic  and  sulphuric  acid,  aiming  at  the 
formation  of  insoluble  sulphate  of  lead  and  a  soluble  salt 
of  bismuth  or  volatile  chloride  of  bismuth,  but  with  unsa- 
tisfadlory  results. 

Residues  of  the  Liquation  Process. — ^These  are  either 
stirred  with  water  for  the  separation  of  a  slime  rich  in 

*  B.  u.  h.  Ztg.,  1859,  p.  287.    OesteiT.  Ztschr.,  1859,  p.  175. 
f  OesteiT.  Ztschr.,  1862,  p.  257. 
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bismuth,  or  smelted  with  fluxes  in  a  reverberatory  furnace 
to  extradt  part  of  the  bismuth.  If  they  contain  sufficient 
nickel  and  cobalt  they  are  smelted  for  the  produ(5tion  of 
speiss,  which  yields  bismuth  when  submitted  to  the  liquation 
process. 

2.  Extradlion  of  Bismuth  by  Smelting  in  Crucibles. — 
The  rise  in  the  value  of  bismuth  to  more  than  one-third  that 
of  silver  has  led  in  Joachimsthal  to  a  smelting  of  the  ores 
in  crucibles,  with  an  admixture  of  carbonate  of  soda,  fluor 
spar,  and  lime,  in  order  to  obtain  a  better  yield  than  by  the 
liquation  process.  This  method  also  allows  poor  bismuth 
ores  containing  only  2  per  cent  to  be  advantageously  treated. 
The  larger  yield  more  than  counterbalances  the  expense  of 
smelting. 

Lead  is  always  injurious,  and  most  of  it  enters  the  bismuth ; 
plumbiferous  ores,  poor  in  bismuth,  cannot  therefore  be 
treated  with  profit:  On  the  other  hand,  cobalt  and  nickel 
may  be  concentrated  into  a  speiss  almost  without  loss. 

If  the  ores  contain  sulphide  of  bismuth,  and  are  asso- 
ciated with  arsenical  nickel  and  cobalt  ores,  they  require 
an  addition  of  iron  to  fix  the  sulphur  and  arsenic,  as  other- 
wise the  volatilisation  of  bismuth  will  increase,  and  the 
speiss  become  richer  in  bismuth ;  part  of  the  sulphide  of 
bismuth  will  also  remain  undecomposed  and  enter  the  speiss. 
If  cast-iron  be  employed  instead  of  wrought  iron,  more  iron 
will  be  consumed,  owing  to  the  easy  fusibility  of  cast-iron  ; 
the  speiss  will  also  become  richer  in  iron  and  poorer  in 
cobalt  and  nickel. 

The  results  of  smelting  bismuth  ores  in  a  lead  cupola  fur- 
nace, 28  feet  high,  have  been  unsatisfactory ;  the  bismuth  re- 
maining very  liquid  and  thin  at  a  comparatively  low  tem- 
perature, penetrates  the  furnace  walls  and  hearth  more 
readily  than  lead,  and  a  great  part  of  the  bismuth  remains  as 
furnace  ends  ;  the  yield  is  therefore  small.  The  formation 
of  an  easily  fusible  slag  necessitates  the  addition  of  large 
quantities  of  non-metallic  basic  fluxes,  which  give  rise  to  a 
larger  loss  of  metal  than  is  incurred  by  the  lead  smelting. 

As  bismuth  oxidises  with  more  difficulty  than  lead,  Patera 
separates  it  when  smelting  litharge  rich  in  bismuth  in  a 
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crucible,  by  throwing  pure  granulated  lead  upon  the  fused 
litharge,  when  any  silver  present  will  also  concentrate  in 
the  bismuth. 


Illustrations   of  the   Extradlion   of  Bismuth  by  the 
Liquation  Process. 

The  oldest  and  most  imperfe<5t  method  of  liquation  is  that 
performed  in  open  heaps.  It  consists  in  placing  the  ores 
mixed  with  some  small  coal  upon  a  wood  foundation,  which 
is  then  slowly  burned.  The  liquated  bismuth  is  found  on 
the  bottom,  and  is  colledled,  washed,  and  purified  by  re- 
melting. 

More  recently,  the  liquation  was  conducted  on  hearths 
similar  to  those  used  for  liquating  lead. 

These  methods  have  been  superseded  by  the  liquation  of 
bismuth  in  iron  tubes. 

Fig.  164. 
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Fig.  165. 
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The  apparatus*  used  for  this  purpose  in  the  metallur- 
gical works  at  Schneeberg,  in  Saxony,  is  represented  in 
Figs.  164,  165,  and  i66 ;  the  first  is  a  bird's-eye  view,  the 
second  a  front  view,  and  the  third  a  transverse  se<5lion  along 
the  dotted  line  A,  b  (Fig.  164) ;  a,  is  the  ash-pit ;  6,  the  fire- 
place ;  c,  the  liquation  pipes ;  d,  the  grate  of  masonry  or 
brickwork  upon  which  the  fuel  is  thrown  through  the  fire- 
door  {e,  e).  The  deeper  lying  orifice  of  the  liquation  pipes 
is  closed  with  a  clay  plate  (/),  which  has  beneath  it  a  small 
circular  groove,  through  which  the  liquefied  metal  flows ;  g, 
is  a  wall  extending  from  the  hearth  sole  nearly  to  the 
anterior  orifices  of  the  liquation  pipes,  in  which  wall  there 
are  as  many  fire  holes  (h)  as  there  are  pipes  in  the  furnace ; 
i,  i,  are  iron  pans  which  receive  the  fluid  metal ;  k,  a  wooden 
water  trough  in  which  the  bismuth  is  granulated  and 
cooled ;  /,  the  higher  lying  apertures  of  the  liquation  pipes, 
merely  closed  by  a  sheet-iron  cover.  The  bismuth  to  be 
granulated,  after  being  drained  from  the  posterior  openings, 
falls  upon  the  flat  surface  (w),  and  then  into  the  water 
trough ;  n,  n,  are  draught  holes  in  the  vault  between  the 
two  pipes,  and  serve  to  regulate  the  heat. 

The  ores  to  be  liquated  are  associated  with  cobalt  and 
nickel  ores,  and  contain  on  an  average  12  per  cent  of  bis- 
muth. They  are  sorted  from  the  gangue  by  hand,  broken 
into  pieces  about  the  size  of  a  nut,  and  introduced  into  the 
ignited  pipes  in  charges  of  about  J  cwt.,  so  that  the  pipes 
are  filled  to  half  their  diameter  and  three-fourths  their 
length. 

The  sheet  iron  door  is  shut,  and  the  fire  much  increased, 
so  that  the  bismuth  begins  to  flow  in  ten  minutes,  and 
falls  through  the  holes  in  the  clay  plates  into  hot  pans 
containing  coal  dust.  Whenever  it  runs  slowly,  the  ore  is 
stirred  round  in  the  pipes  at  intervals  for  half  an  hour,  by 
which  time  the  liquation  is  usually  finished.  The  residue, 
or  "  bismuth  barley,"  is  raked  into  a  water  trough  with  iron 
rakes,  and  the  pipes  are  charged  afresh ;  the  contents  of  the 
pans  are  cast  into  moulds,  forming  bars  of  from  25  to  50  lbs. 

•  Ure's  Diaionary  of  Arts,  &c.,  i.,  p.  329. 
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weight.    About  i  ton  of  ore  is  smelted  in  eight  hours,  with  a 
consumption  of  63  Leipzig  cubic  feet  of  wood. 

Plattner  has  improved  this  furnace  by  placing  the  grate 
beneath  the  posterior  part  of  the  pipes,  and  by  adding  a 
chimney,  and  so  causing  a  saving  of  fuel.  Scheerer  recom- 
mends a  gas  fire  to  heat  this  furnace. 


Illustrations  of  the  Extradlion  of  Bismuth  in  Crucibles. 

At  Joachimsthal,  most  of  the  cobalt  and  nickel  ores  con- 
tain a  small  amount  of  bismuth,  which  coUefts  in  the  rich 
lead  and  the  black  litharge,  so  that  its  separation  may  be 
effedled  by  Patera's  method. 

A  small  portion  of  these  ores,  containing  a  larger  amount 
of  bismuth,  was  formerly  liquated  in  a  furnace  similar  to  that 
used  at  Schneeberg. 

Vogl  has  lately  introduced  the  following  treatment  of  these 
ores : — 

The  finely  divided  ores,  containing  at  the  outside  30  per 
cent,  and  on  an  average  less  than  10  per  cent  of  bismuth, 
are  mixed  with  28  per  cent  of  iron  chips  and  old  wrought 
iron  in  larger  pieces,  from  15  to  50  per  cent  of  carbonate  of 
soda  (according  to  the  amount  of  silica  contained  in  the 
ores),  5  per  cent  of  lime,  and  5  per  cent  of  fluor  spar ; 
I  cwt.  of  mixture  is  charged  in  a  warmed  crucible  23  inches 
high  and  16  inches  wide.  Five  per  cent  of  the  soda  addition 
is  employed  as  a  covering  for  the  mixture,  to  counteradt 
the  volatilisation  of  bismuth,  and  the  crucible  is  provided 
with  a  lid.  The  crucible  standing  upon  the  grate  of  an  air 
furnace  is  surrounded  by  coal,  and  as  the  grate  soon  becomes 
obstrufted,  the  door  of  the  ash-pit  is  closed  and  the  air  is 
admitted  by  five  apertures  in  the  furnace  walls  above  the 
grate.  After  having  thrown  coal  into  the  furnace  a  second 
time,  the  partly  fused  mass  is  stirred,  and  when  completely 
fused  it  is  ladled  out  (slag  as  well  as  speiss  and  bismuth, 
according  to  circumstances)  into  sugar-loaf  shaped  moulds, 
the  speiss  and  bismuth  colledling  at  the  point  of  the  mould. 
The  slag,  if  sufficiently  fluid,  pure,  black,  and  vitreous,  is 
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nearly  free  from  bismuth.  Usually  it  contains  white  grains 
of  silica  intermixed.  The  resulting  speiss  contains  2  per 
cent  of  bismuth. 

The  quantity  of  soda  required  to  produce  a  fusible  slag  is 
ascertained  by  experiment.  When  charging  a  new  lot  of 
ore,  sufficient  is  added,  and  then  dedu(5lions  are  made 
according  to  the  fusibility  of  the  slag.  The  carbonic  acid 
escaping  from  the  soda  assists  the  subsidence  of  the 
bismuth. 

From  2  to  3  cwts.  of  ore  are  smelted  daily,  and  one  cru- 
cible is  capable  of  working  only  ii  cwts.  of  ore  in  78  hours, 
when  it  will  be  worn  out. 
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CHAPTER    VIII. 
ANTIMONY. 

PRINCIPAL    ORES    OP    ANTIMONY. 

The  principal  ores  of  antimony  are  : — 

I.  Grey  Antimony  Ore,  SbSj,  containing  71*4  per  cent  of 
antimony.  It  occurs  chiefly  in  crystalline  slate  and  in  primary 
rocks  (Erzgebirge,  Hartz,  Arnsberg  in  Westphalia,  Magurka 
in  Hungary,  Bohemia,  France,  Spain,  Tuscany,  Borneo, 
North  and  South  America,  &c.).  This  antimonial  ore  is 
almost  the  only  one  found  in  sufficient  abundance  for  smelt- 
ing, and  it  forms  the  chief  and  most  common  source  of  com- 
mercial antimony.  At  present  antimony  is  not  produced  in 
this  country,  but  in  the  last  century  it  was  mined  exten- 
sively. This  ore  sometimes  contains  a  small  proportion  of 
gold. 

a.  Berthierite,  FeS,  SbSj,  containing  56*67  per  cent  of 
antimony.  It  is  sometimes  found  in  large  quantities  asso- 
ciated with  grey  antimony. 

3,  Oxide  of  Antimony  (Senarmontite),  SbOg,  containing 
83*37  per  cent  of  antimony.  It  occurs  abundantly  in  the 
province  of  Constantine  in  Algeria,  and  is  worked  in  some 
French  smelting  works. 

4.  Red  Antimony,  SbOj,  aSbSa,  containing  75*05  percent 
of  antimony.  It  occurs  abundantly  in  Tuscany,  and  is 
worked,  together  with  grey  antimony,  in  smelting  works  near 
Marseilles. 

Antimony  also  occurs  with  numerous  ores  of  lead,  silver, 
nickel,  &c.,  and  is  sometimes  produced  from  the  intermediate 
produfts  of  these  ores. 
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SYNOPSIS  OF  PROCESSES  FOR  THE  EXTRACTION  OF 
SULPHIDE  OP  ANTIMONY  (CRUDE  ANTIMONY)  AND 
METALLIC  ANTIMONY  (REGULUS  OP  ANTIMONY) 
PROM   THEIR  ORES. 

In  some  smelting  works  crude  antimony  is  produced  from 
grey  antimony  ore  only  by  the  liquation  process,  by  various 
methods  and  with  various  forms  of  apparatus.  In  other 
works  metallic  antimony  (regulus  of  antimony)  is  produced 
either  from  crude  antimony,  or  direft  from  the  oxidised  or 
sulphuretted  ores. 

The  processes  may  therefore  be  classified  as  follows : — 

I.    PRODUCTION   OF  CRUDE  ANTIMONY. 

The  sulphide  of  antimony  liquates  from  the  gangue,  which 
is  difficult  to  fuse  at  a  moderate  red  heat,  and  it  volatilises 
considerably  at  higher  temperatures.  The  liquation  is  less 
perfedl  and  the  gangue  cakes  if  the  ores  employed  are  in 
the  form  of  schlich,  or  of  smaller  fragments  than  the  size  of  a 
nut.  The  residues  always  retain  10  or  12  per  cent  of  anti- 
mony, either  as  a  sulphide,  oxide,  01:  oxysulphide.  Lam- 
padius  diredts  that  the  residues  should  be  smelted  in  ad- 
mixture with  sulphate  of  soda  in  a  cupola  furnace.  In 
Upper  Hungary,*  when  the  price  of  antimony  is  high,  the 
liquation  slags  are  worked  up. 

The  liquated  crude  antimony  must  cool  slowly  in  order  to 
obtain  the  required  radiated  crystalline  texture ;  if  it  chills 
suddenly  its  appearance  becomes  deteriorated.  It  usually 
contains  some  Fe,  Pb,  Cu,  and  As.    . 

According  to  Reichardt,t  the  crude  antimony  from  Schleiz 
is  free  from  lead,  and  contains  but  little  iron,  and  less  arsenic 
than  almost  all  other  sorts.  Crude  antimony,  when  of 
radiated  strufture,  contains  0*152  per  cent  of  AsSj,  and  0*04 
per  cent  of  AsSj  when  of  granular  strufture.  Crude  anti- 
mony from  Spain  contains  0*063;  from  Rosenau,  0*150;  from 
Wolfsberg  (Hartz)  0*235  I  from  East  India  0*490 ;  and  from 


*  B.  u.  h.  Ztg.,  1S62,  p.  408. 
f  DiNOL.,  Bd.  169,  p.  281. 
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Brandholz  (Fichtelgebirge)  0*185  per  cent  of  tersulphide  of 
arsenic.  The  sulphide  of  antimony  from  the  Caspari  mine 
at  Amsberg  is  free  from  arsenic.  Some  varieties  of  Hun- 
garian crude  antimony  have  the  following  composition  : — 

a.  b. 

SbSj 98*330  92*504 

AsSj 0*568  3*403 

FeS 1*102  4*093 

a,  is  from  Rosenau,  and  b  from  Liptau  ;  both  analysed  by 
Lowe. 

The  liquation  of  sulphide  of  antimony  is  seldom  effedted 
direft  upon  the  hearth  of  a  reverberatory  furnace,  but  usually 
in  crucibles  or  tubes  heated  either  by  an  open  fire  or  in  a 
reverberatory  furnace;  the  receiver  is  placed  indifferently 
inside  or  outside  the  furnace.  The  operations  may  be  short, 
interrupted,  or  continuous. 

The  choice  of  a  method  depends  chiefly  on  the  richness 
of  the  ore,  the  price  of  the  fuel,  and  the  value  of  the  crude 
antimony. 

Since  hard  lead  has  been  produced  in  some  smelting 
works  as  a  by-produ£l,  crude  antimony  has  been  cheaper. 

a.   Liquation  of  Crude   Antimony   in   Reverberatory 

Furnaces. 

This  method  involves  a  small  consumption  of  fuel,  but  a 
great  loss  of  sulphide  of  antimony  by  volatilisation.  It  is 
employed  when  the  mining  cost  of  the  ore  is  low,  and  when 
a  saving  of  time  and  fuel  is  more  an  obje<5l  than  a  large  yield 
of  crude  antimony. 

At  Ram^e,*  in  the  province  of  Vendue,  a  small  reverbera- 
tory furnace  is  used  with  a  hearth  provided  with  a  tapping 
hole.  Charges  of  8  or  10  cwts.  of  moderately  rich  anti- 
monial  ores  are  made,  yielding  from  4  to  5  cwts,  of  crude 
antimony,  at  a  consumption  of  20  cubic  feet  of  wood.  A 
basin  to  receive  the  antimony  is  placed  outside  the  furnace, 
and  communicates  with  the  tapping  hole  by  means  of  a 
channel. 

•  Kar8TEn*s  Arch.,  i  R.,  xviix.,  178. 
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6.  Liquation  of  Crude  Antimony  in  Crucibles. 

This  method  allows  a  better  yield,  but  the  consumption  of 
fuel  is  greater,  and  varies  according  to  the  manner  of  firing, 
and  the  length  of  the  operation. 

Liquation  in  Crucibles  in  an  Open  Fire. — This  liqua- 
tion operation  is  the  most  expensive  with  regard  to  fuel,  and 
may  be  used  where  wood  is  cheap  and  the  ores  are  rich  and 
do  not  require  a  high  temperature.  Great  quantities  may 
then  be  produced  in  larger  vessels  in  a  short  time,  and  with- 
out such  injury  to  the  health  of  the  workmen  as  occurs 
when  operating  with  closed  furnaces.  This  liquation  may 
be  conduced  close  to  the  mine,  and  the  cost  of  transport 
saved,  so  as  partially  to  balance  the  greater  consumption  of 
fuel. 

This  mode  of  liquation  is  adopted  in  several  places : 
we  give  three  examples  : — 

I.  At  Wolfsberg  (Hartz). — The  simple  apparatus  in  use 
here  is  represented  by  Fig.  167.    a,  a,  are  the  side  walls 

Fig.  167. 


ml  m 


provided  with  openings  for  the  admission  of  air.  b,  crucible 
for  receiving  the  ore,  several  of  which  stand  side  by  side ; 
they  have  pierced  bottoms,  c,  lower  crucible  for  receiving 
the  liquated  crude  antimony,  d,  ash,  sand,  &c.,  to  enclose 
the  lower  crucible,  e,  fire-place- 
Grey  antimony  ore,  previously  dressed  by  a  hand  sorting, 
is  treated.  The  remaining  gangue  always  contains  mechan- 
ically some  sulphide  of  antimony,  particularly  when  the 
ore  is  too  rapidly  heated.  The  residues  seldom  contain  less 
than  one-tenth,  and  sometimes  one-fourth  of  their  own 
weight  of  sulphide  of  antimony. 

2.  At  Malbosc*,  in  the  province  of  Ard^che.     Here  the 
crucibles  are  conical,  and  pierced  at  the  bottom ;  they  are 

*  Dumas,  Angew.  Chem.,  iv.,  146. 
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o'33  metre  high,  and  o'22  metre  wide  on  the  top  ;  25  or  30  of 
these  crucibles  stand  in  a  tow  between  the  two  side  walls,  0*25 
metre  high,  with  0*40  metre  distance  between  them.  Each 
crucible  contains  about  30  lbs.  of  raw  ore.  They  are  placed 
upon  receiving  crucibles  sunk  into  the  earth ;  the  space 
round  the  upper  crucibles  is  filled  with  coal,  and  the  coal  is 
ignited  by  wood  shavings.  Four  smeltings  are  usually  made 
in  40  hours,  by  which  time  the  crucibles  serving  as  receivers 
are  filled ;  when  cooled  they  are  broken  in  such  a  manner 
as  to  admit  of  being  luted  and  used  again ;  but  at  least  half 
the  upper  and  lower  crucibles  is  lost  by  each  operation. 
Twenty  crucibles,    when    charged    four   times,    contain 

I  ton  4  cwts.  of  ore,  and  yield  in  40  hours  938  lbs.  of  crude 
antimony,  at  a  consumption  of  about  ij  tons  of  coal  and 
4  cwts.  of  wood ;  therefore  100  lbs,  of  crude  antimony  re- 
quire for  their  produftion  300  lbs.  of  coal  and  40  lbs,  of  wood 
rubbish. 

3.  At  Magurka,*  in  Lower  Hungary,  two  crucibles,  each 

II  inches  high  and  capable  of  containing  8  or  9  lbs.  of  anti- 
mony, are  placed  one  inside  the  other,  and  these  again  in  a 
third  crucible,  which  is  surrounded  to  half  its  height  by  ash, 
&c.  About  thirty  of  these  compound  crucibles  are  placed 
in  a  row  between  two  side  walls  with  a  space  of  i  foot 
between  each.  This  space  is  filled  up  with  thin  pieces  of 
dried  fir-wood  2  feet  long,  and  the  crucibles  are  covered 
with  a  layer  of  this  wood ;  the  mass  of  wood  is  kindled 
simultaneously  by  torches.  From  4  to  4J  tons  of  crude 
antimony  are  produced  in  ij  hours,  consuming  about 
880  cubic  feet  of  wood  when  the  weather  is  fair. 

Liquation  in  Vessels  Standing  in  Closed  Furnaces. — 
This  method  is  chiefly  adapted  for  poor  ores  requiring  a 
higher  temperature.    Two  sorts  of  apparatus  are  employed. 

a.  Furnaces  allowing  Interrupted  Operations,  having  the  re- 
ceivers either  inside  or  outside  the  furnace. — In  either  case 
the  liquation  vessels  must  cool  after  each  charge  for  the 
residues  to  be  removed. 

•  Oesterr.  Ztschr.,  1856,  p.  59.  Bgwkfd.,  xix.,  190.  B.  u.  h.  Ztg.,  1861,  p. 
123- 
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At  Lincouln,*  in  the  department  Haute-Loire,  75  conical 
clay  crucibles,  each  19  inches  high,  11  inches  wide  at  the 
top,  and  9  inches  wide  at  the  bottom,  are  placed  in  a  kind  of 
muffle  furnace  ;  each  bottom  is  pierced  with  5  holes  of  J  inch 
diameter,  and  they  stand  upon  crucibles  9  inches  high, 
10  inches  wide  at  the  top,  and  8  inches  at  the  bottom,  and 
serving  as  receivers.  Each  crucible  is  charged  with  40  lbs. 
of  ore,  so  that  J  of  rich  ore  is  placed  on  the  bottom,  upon  this 
J  of  ore  mixed  with  gangue,  and  on  the  top  J  of  poor  ore. 
A  moderate  heat  is  given  for  an  hour,  in  order  to  avoid  as 
much  as  possible  the  decrepitation  of  the  pieces  of  ore ; 
next  the  heat  is  increased  for  three  hours,  and  then  kept 
moderate  again  for  the  last  two  hours,  to  lessen  the  loss 
of  metal  by  volatilisation.  The  receivers  then  contain 
20  or  24  lbs.  of  crude  antimony,  which  are  removed  after 
the  furnace  has  been  allowed  to  cool  for  from  20  to  24  hours ; 
ij  tons  of  ore  consume  15  or  16  cubic  feet  of  birch-wood, 
yielding  about  50  per  cent  of  sulphide  of  antimony.  The 
waste  of  crucibles  is  considerable. 

b.  Furnace  with  continuous  Operations. — This  furnace  is  con- 
strufted  so  as  to  allow  the  removal  of  the  residues  after  each 
charge,  thus  causing  a  considerable  saving  of  time  and  fuel, 
and  rendering  this  method  more  advantageous  than  other 
processes. 

Fig.  168. 


VOL.    I. 


*  Karst.,  Arch.,  i  R.  xviii.,  158. 
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The  peculiar  furnace  used  at  Malbosc,*  in  the  department 
of  Ard^che,  in  France,  is  shown  by  Fig,  i68.  The  mineral 
is  placed  in  large  retorts  (r,  r),  four  of  which  are  set  in  each 
furnace.  At  the  bottom  of  each  of  these  cylinders  an  aper- 
ture is  left,  corresponding  with  a  similar  opening  by  which 
they  are  supported.  Beneath  these,  in  the  chambers  c,  c, 
are  placed  earthen  pots  (p,  p)  into  which  the  melted  sulphide 
descends  through  the  openings  in  the  cylinders.  Each 
cylinder  lasts  about  three  weeks,  and  is  charged  with  5  cwts.  of 
ore,  which  are  liquated  in  three  hours.  The  residues  are  then 
removed  either  from  the  mouth  of  the  cylinders  or  from  an 
opening  which  they  have  on  one  side,  and  which  is  kept 
closed  during  the  process  by  means  of  a  clay  plug.  The 
liquated  sulphide  of  antimony  must  flow  from  the  cylinder  with 
a  blue  flame ;  a  red  flame  shows  that  the  temperature  is  too 
high  ;  100  lbs.  of  crude  antimony  are  produced  every  hour, 
at  a  consumption  of  64  lbs.  of  coal ;  100  lbs.  of  ore  consume 
22  lbs.  of  coal,  the  ore  3delding  50  per  cent  of  sulphide  of 
antimony. 

ii.  production   op  regulus  op  antimony 
(metallic  antimony). 

Regulus  of  antimony  was  formerly  produced  from  crude 
antimony,  but  latterly  it  has  frequently  been  produced  diredl 
from  very  rich  ores.  The  decomposition  of  the  sulphide  is 
condudled  either  by  combined  processes  of  oxidation  and 
reduftion,  or  by  means  of  iron  together  with  alkaline  fluxes. 
The  metal  (regulus)  resulting  from  slightly  impure  ores  is 
usually  so  impure  as  to  require  a  calcination  for  the  separa- 
tion of  arsenic,  iron,  lead,  copper,  sulphur,  &c.  The  appear- 
ance of  a  star  upon  the  surface  of  the  regulus  indicates  a 
certain  degree  of  purity.  Rammelsberg  says  that  the  star  is 
formed  by  a  great  number  of  rhombohedrons  gradually  de- 
creasing in  size,  joined  at  their  edges,  and  placed  in 
parallel  rows,  forming  three  radiated  groups  from  one  centre. 
The  alkaline  fluxes  scorify  the  earthy  and  metallic  oxides 
and  decompose  sulphide  of  antimony ;  chloride  of  sodium 

*  Karst.,  Arch.,  i.  R.  xviii.,  158. 
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transforms  foreign  metals  into  chlorides,  which  then  enter 
the  slag ;  and  sulphate  of  soda  being  reduced  when  in  contadl 
with  coal  to  sulphide  of  sodium,  forms  sulpho-salts,  which 
assist  scorification.  An  addition  of  iron  decomposes  sulphide 
of  antimony,  but  part  of  it  enters  the  regulus.  Upon  adding 
some  sulphide  of  antimony  during  the  calcination  of  metallic 
antimony,  the  foreign  metals  become  sulphuretted,  entering 
the  slag  with  the  sulphide  of  sodium. 

Produdlion  of  Regulus  of  Antimony  from  Crude 
Antimony. 

The  decomposition  of  sulphide  of  antimony  may  be 
efifeaed— 

z.  By  Roasting  Redudlion  Processes. — If  the  roasting 
is  condu(5ted  carefully,  the  sulphide  of  antimony  becomes 
transformed  into  sulphurous  acid  and  a  yellowish  white  anti- 
moniate  of  antimony.  This  antimoniate  forms  with  sulphide 
of  antimony  an  easily  fusible  compound,  possessing  no 
constant  composition,  and  not  losing  any  of  its  sulphur 
by  further  roasting.  The  roasted  mass  (oxide  of  antimony, 
antimoniate  of  antimony,  and  oxysulphide  of  antimony), 
then  requires  to  be  reduced.  This  is  effedted  by  smelting 
it  in  a  crucible,  or  on  the  hearth  of  a  reverberatory  furnace, 
for  about  an  hour,  after  having  mixed  it  with  one-tenth 
of  its  own  weight  of  raw  tartar,  or  with  i  part  of  coal 
and  J  a  part  of  carbonate  of  potash.  The  yield  of  metal 
amounts  to  65  per  cent;  it  is  poured  into  iron  moulds 
previously  brushed  over  with  tallow  or  loam  water. 

In  Upper  Hungary*  the  crude  antimony,  after  beingcrushed 
and  ground,  is  completely  roasted  in  a  muffle  furnace  in  quan- 
tities of  3  cwts.,  yielding  82  per  cent  of  roasted  mass.  Five 
cwts.  of  this  mass  are  mixed  with  10  per  cent  of  small  coal 
and  from  3  to  6  per  cent  of  sulphate  of  soda,  and  smelted  in 
a  French  antimony  furnace  (page  545)  for  about  20  hours. 
The  slag  is  then  removed  from  the  metal  bath,  and  the  so- 
called  star  slag  (from  20  to  25  lbs.  of  an  admixture  of  50  per 
cent  of  perfeftly  roasted  crude  antimony,  2   per  cent  of 

*  B.  u.  h.  Ztg.,  1862,  p.  408. 
2  N  2 
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powdered  coal,  30  per  cent  of  crude"  antimony,  and  20  per 
cent  of  carbonate  of  potash),  is  added  to  the  metal  and 
smelted.  The  mass  is  then  ladled  into  moulds  in  such 
a  manner  that  the  ingots  are  covered  with  slag  not  more  than 
J  of  an  inch  high.  This  slag  separates  on  cooling,  and 
the  metal  surface  shows  a  star  if  the  metal  does  not  contain 
more  than  4  per  cent  of  impurities.  The  resulting  regulus 
is  broken,  re-smelted  with  an  addition  of  crude  antimony, 
and  refined ;  the  mass  is  descorified  and  mixed  with  some 
star  slag. 

2.  By  Oxidation  by  Means  of  Saltpetre,  and  by  Reduc- 
tion.— An  admixture  of  8  parts  of  crude  antimony,  6  parts 
of  raw  tartar,  and  3  parts  of  saltpetre  are  charged  into  a  red- 
hot  crucible  and  smelted ;  the  saltpetre  forms  antimoniate 
of  antimony,  which  is  then  reduced  by  the  tartar.  This 
expensive  mode  yields  only  43  per  cent. 

3.  By  Smelting  with  Iron  and  Fluxes. — ^This  method 
gives  a  larger  yield,  but  the  antimony  is  ferruginous,  and 
requires  calcination.  The  smelting  is  conduced  in  crucibles, 
in  air-furnaces,  or  in  small  reverberatoiy  furnaces.  The 
decomposition  is  effefted  best  by  spongy  iron,  which,  how- 
ever, gives  rise  to  the  formation  of  a  too  ferruginous  metal. 

A  high  temperature,  causing  the  volatilisation  of  a  great 
deal  of  antimony,  is  required  for  smelting,  owing  to  the  small 
difference  between  the  specific  gravity  of  sulphide  of  iron  and 
antimony,  and  because  sulphide  of  iron  is  more  difficult  to 
fuse.  The  volatilisation  is  prevented  by  the  addition  of 
fluxes  (sulphide  of  sodium,  sulphate  of  soda,  and  carbon) ; 
these  combine  with  the  sulphide  of  iron,  forming  thin,  easily 
fusible  slags,  which  completely  separate  from  antimony  at  a 
moderate  red  heat.  An  excess  of  sulphide  of  sodium  scorifies 
sulphide  of  antimony. 

Berthier*  states  that  pure  SbSj  yields  from  65  to  70  per 
cent  of  antimony,  when  100  parts  are  smelted  together  with 
60  parts  of  iron  scale,  from  45  to  50  parts  of  carbonate  of  soda, 
and  10  parts  of  pulverised  coal. 

♦  Karst.  Arch.,  i  R.,  iv.,  261  ;  viii.,  285  ;  xi.,  39 ;  xiii.,  380. 
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The  following  method,  adopted  by  Liebig*  and  Benscht,  is 
less  expensive,  and  yields  antimony  free  from  arsenic  : — 
100  parts  of  sulphide  of  antimony  are  smelted  together  with 
43  parts  of  iron  filings,  lo  parts  of  dehydrated  sulphate  of  soda, 
and  from  2J  to  3^^  parts  of  carbon  ;  16  parts  of  the  resulting 
regulus  are  kept  in  a  fused  state  for  an  hour,  mixed  with 
2  per  cent  of  sulphide  of  iron,  i  part  of  sulphide  of  antimony, 
and  2  parts  of  soda.  The  regulus  is  again  smelted  with 
1^  parts  of  carbonate  of  soda,  and  again  with  i  part  of  soda,  till 
the  slag  takes  a  light  yellow  colour.  The  extradtion  of  arsenic 
seems  to  be  effedted  by  the  sulphide  of  iron  ;  probably  a  com- 
bination is  formed  similar  to  arsenical  pyrites. 

This  method  is  also  suitable  for  purifying  the  regulus  pro- 
duced by  methods  i  and  2 ;  16  parts  of  impure  antimony 
yield  15  parts  of  antimony  free  from  copper,  arsenic,  iron, 
lead,  or  sulphur, 

Karstent  direfts  that  the  ores  should  be  dressed,  but  not 
liquated,  and  then  smelted  in  a  reverberatory  furnace  with  a 
hollow  hearth  ;  2  or  3  cwts.  are  charged,  with  35  or  36  per 
cent  of  wrought  iron,  sulphate  of  soda,  carbonate  and  chloride 
of  potassium,  and  coal.  After  smelting  for  eight  or  ten  hours, 
the  antimony  is  tapped  off,  still  being  covered  with  slag.  This 
antimony  is  re-melted  in  crucibles  containing  about  20  or 
30  lbs.,  some  carbonate  and  chloride  of  potash  and  coal  dust 
being  added. 

At  Magurkall  from  18  to  20  lbs.  of  crude  antimony  are 
melted  in  plumbago  crucibles  with  proper  fluxes,  and  the 
resulting  regulus  re-melted  in  the  same  manner. 

Produ<5tion  of  Regulus  of  Antimony  dire<5t  from  Ores. 
— This  method  has  of  late  been  occasionally  adopted  for 
working  richer  ores.  According  to  the  richness  of  the  ores 
the  smelting  is  condudted  either  in  crucibles,  or  in  cupola 
or  reverberatory  furnaces,  and  the  sulphide  of  antimony  is 
decomposed  either  by  iron  (London),  or  by  roasting  redudlion 
processes  (Septemes,  Bouc). 

*  Erdm.  Journ.  f.  pr.  Ch.,  ix.,  164 ;  xHii.,  78.     Dingl.,  Bd.  63,  p.  446. 

f  Dingl.,  Bd.  107,  p.  214. 

X  Karst.  Met.,  iv.,  544. 

II  Oester.  Ztschr.,  1856,  p.  59. 
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Only  very  rich  ores  are  smelted  in  crucibles ;  these  require 
not  so  much  to  be  fire-resisting  as  of  such  quality  as  will 
prevent  antimony  passing  through  at  lower  temperatures. 

At  the  lead  works  at  Enthoven,  near  London*  (Rother- 
hithe),  antimonial  ores  containing  from  50  to  55  per  cent  of 
antimony  are  smelted  in  pieces  the  size  of  an  egg,  in  crucibles 
which  are  manufa<^ured  of  fire  clay,  plumbago,  and  pieces 
of  old  crucibles.  The  ores  are  put  into  crucibles  heated 
to  a  moderate  red  heat,  and  a  quantity  of  alkaline  slag  is 
charged  upon  them,  and  20  lbs.  of  old  scrap  iron  placed  on 
the  top ;  the  mass  is  gradually  fused,  the  pieces  of  iron  are 
pressed  into  it,  and  after  i^  or  2  hours,  when  completely 
fused,  are  poured  into  conical  iron  moulds.  The  crucibles 
are  then  re-charged  ;  when  cold  the  contents  of  the  moulds 
are  easily  separated  into  raw  antimony  and  sulphide  of  iron ; 
the  raw  antimony  is  afterwards  refined;  10  or  11  cwts.  of 
ore  are  smelted  in  twelve  hours. 

The  smelting  of  antimonial  ores  is  adopted  at  Septemes 
and  Bouc,  near  Marseilles.  The  ores  treated  are  sulphide  of 
antimony  and  senarmontite  from  Constantina,  containing 
60  per  cent  of  antimony,  and  red  antimony  from  Corsica  and 
Tuscany,  containing  from  45  to  55  per  cent. 

The  sulphuretted  ores  are  roasted ;  the  richer  and  purer 
ores  are  afterwards  smelted  in  reverberatoiy  furnaces,  and 
the  poor  and  impure  ores  treated  in  cupola  furnaces.  The 
roasting  is  performed  with  charges  of  5  or  6  cwts.,  in  small 
reverberatory  furnaces  with  an  oval  hearth  and  two  grates, 
one  on  each  of  the  long  sides.  The  furnace  is  charged  and 
closed,  and  then  moderately  heated  for  two  hours;  the  roasting 
mass  is  turned  and  raked,  and  roasted  for  about  six  hours  till 
no  more  sulphurous  acid  is  developed.  The  roasting  mass 
loses  from  12  to  15  per  cent  in  weight,  including  ij^  or  2  per 
cent  of  antimony.  It  is  now  smelted  in  furnaces  like  those 
represented  by  Figs.  169  and  170.  The  hearth  is  formed  of 
sand  and  clay  solidly  beaten  together,  and  slopes  down  to 
the  middle,  where  it  is  provided  with  the  orifice  (a),  which 
is  closed  by  dense  coal  ashes ;  b  is  the  air  channel  through  the 

•  B.  u.  h.  Ztg.,  1863,  p.  328. 


Digitized  by  VjOOQ IC 


PRODUCTION    OF    REGULUS   OF   ANTIMONY. 

Fig.  169.  Fio.  170. 


551 


bridge ;  c  the  door  for  introducing  the  prepared  ores  and 
running  off  the  slags ;  d  the  bridge ;  e  the  grate ;  /  the  fire 
or  fuel  door ;  g  the  chimney. 

The  roasting  mass  is  charged  in  quantities  of  360,  400,  or 
500  lbs.,  and  mixed  with  80  or  100  lbs.  of  fluxes,  consisting 
of  chloride  of  sodium,  carbonate  of  soda,  and  sulphate  of 
soda,  (the  two  latter  in  smaller  quantities,  and  sometimes 
even  the  sulphate  of  soda  is  omitted),  60  or  70  lbs.  of  small 
charcoal,  and  200  or  300  lbs.  of  slag  of  the  previous  charge. 
This  is  first  charged  and  smelted  for  about  one  hour,  when 
the  other  components  are  gradually  added,  40  lbs.  every 
15  minutes ;  the  mass  is  continually  stirred  on  the  hearth, 
the  resulting  froth  is  skimmed  off,  and  a  stronger  fire  is  given 
towards  the  end  of  the  process.  Metal  and  slags  are  then 
tapped  off  into  an  outside  basin,  from  which  they  are  removed 
when  cool.  The  separated  metal  is  broken  into  pieces  in  the 
order  of  its  calcination.  The  process  is  finished  in  four  or 
six  hours,  consuming  5  or  6  cwts.  of  coal,  and  yielding  42  or 
43  per  cent  of  metal  instead  of  50  per  cent.  Part  of  the  lost 
antimony  is,  however,  regained  from  the  smoke,  which  is 
condensed  in  a  channel  about  350  feet  long.  The  smoke 
contains  as  much  as  50  per  cent  of  antimony.  The  common 
salt  strongly  attacks  the  walls  and  sole  of  the  furnace, 
probably  on  account  of  the  formation  of  volatile  chloride  of 
aluminium. 

Cupola  furnaces  yield  more  than  reverberatory  furnaces,  and 
the  smelting  cost  is  less,  but  only  when  treating  poor  ores  which 
are  less  amenable  to  treatment  in  reverberatory  furnaces. 
At  S^ptemes  and  Bouc  poorer  ores  containing  from  30  to  40 
per  cent  of  antimony  are  roasted  in  a  reverberatory  furnace  ; 
I  ton  of  ore  consuming  in  six  hours  4  cwts.  of  coal,  with  a 
loss  of  12  per  cent,  including  2  per  cent  of  antimony.     From 


Digitized  by  VjOOQIC 


552  ANTIMONY. 

2  to  2^  tons  of  roasted  ore  are  smelted  in  24  hours  at  a  con- 
sumption of  from  I  to  ij  tons  of  coke,  in  cupola  furnaces 
with  three  tuyeres,  3*3  metres  high  from  the  tuyeres  to  the 
furnace  mouth,  o*8  to  0*9  metre  deep,  and  o*6  metre  wide ; 
the  furnaces  are  construfted  like  channel  furnaces  with 
closed  eye.  The  resulting  metal,  containing  from  92  to  95 
per  cent  of  antimony,  is  refined. 

III.   PURIFICATION   OF  RAW  ANTIMONY, 

This  purification  is  eflfedled  by  melting  the  raw  antimony, 
containing  copper,  arsenic,  lead,  iron,  and  sulphur,  with  oxi- 
dising reagents  (saltpetre  or  antimonic  oxide),  and  with 
purifying  reagents  (carbonates  of  potash  and  soda),  in  order 
to  oxidise  and  scorify  the  foreign  metals ;  or  these  metals 
(iron,  arsenic,  lead,  copper)  are  sulphuretted  by  a  small  addi- 
tion of  sulphide  of  antimony,  or  Glauber's  salts  and  coal,  and 
are  transformed  into  sulphides,  when  they  combine  with  the 
slag.  An  addition  of  chloride  of  sodium  transforms  these 
metals  into  chlorides,  and  as  such  they  either  volatilise  or 
become  scorified.  Antimonic  oxide  decomposes  sulphide  of 
antimony  thus : — 

3(Sb03,  SbOs)  +  4SbS3  =  loSb  +  1280,. 

The  carbonate  of  soda  reading  as  a  flux  also  decomposes 
sulphide  of  arsenic,  forming  carbonic  acid,  arsenious  acid, 
and  sulphide  of  sodium.  Sulphide  of  sodium  fluxes  with 
FeS,  CuaS,  and  AsSj,  whilst  the  arsenious  acid  combines  with 
soda.  A  repeated  smelting  with  soda  is  required  for  a  com- 
plete removal  of  arsenic,  which  is  facilitated  by  the  presence 
of  a  small  amount  of  iron,  as  a  combination  similar  to  ar- 
senical pyrites  is  formed.  Sulphide  of  iron  must  be  added 
if  the  raw  antimony  does  not  contain  iron.  The  purifying 
smelting  is  eff'edled  in  crucibles,  in  reverberatory  furnaces,  or 
in  air  furnaces.  In  order  to  furnish  the  ingots  with  the  star- 
like appearance  on  their  surface  necessary  for  commerce,  the 
metal  must  be  allowed  to  solidify  under  a  cover  or  star  slag, 
and  all  movement  of  the  moulds  must  be  avoided. 

At  the  Enthoven  lead  works,  near  London,  the  raw  metal 
is  sorted  according  to  the  amount  of  iron  it  contains,  which 
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is  judged  by  the  appearance  of  the  fradlure.  The  pieces 
rich  in  iron  are  smelted  together  with  the  poor  pieces,  and 
70  or  80  lbs.  of  this  admixture,  together  with  common  salt, 
are  kept  in  a  fused  state  for  i  or  ij  hours.  The  smelted 
metal  is  poured  into  hemispherical  iron  moulds,  and  broken 
after  the  slag  has  been  separated ;  the  pieces  are  then  care- 
fully sorted  to  obtain  a  suitable  admixture,  and  purified  by 
being  melted  in  quantities  of  60  or  70  lbs.,  with  i  or  2  lbs.  of 
American  potash  and  10  lbs.  of  slags  of  the  same  process. 
After  smelting  it  is  stirred  with  an  iron  rod,  and  the  state  of 
purification  judged  by  the  appearance  of  the  slag.  When 
the  slag  is  lustrous,  and  of  a  deep  black  colour,  the  metal  is 
poured  into  moulds,  and  kept  covered  with  slag  until  it  soli- 
difies. One  labourer  can  turn  out  from  15  to  17  cwts.  of 
metal  in  12  hours. 

At  Septemes  and  Bouc  each  crucible  is  charged  with  44  lbs. 
of  raw  metal,  12  or  16  lbs.  of  sulphate  and  carbonate  of  soda 
mixed  with  some  common  salt,  apd  very  pure  oxidised  anti- 
monial  ore.  Twenty  of  these  crucibles  are  kept  at  a  mode- 
rate red  heat  on  the  hearth  of  a  reverberatory  furnace  for  six 
hours,  consuming  4  or  5  cwts.  of  coal.  The  refined  metal  is 
poured  into  moulds,  forming  ingots  20  or  24  lbs.  in  weight ; 
the  slag  is  removed  after  the  ingots  have  cooled. 

Many  other  methods  of  purification  have  been  recom- 
mended. For  instance,  Wohler*  heats  the  metal  with  i  part 
of  sulphide  of  antimony,  i J  parts  of  saltpetre,  and  i  J  parts 
of  potash,  and  lixiviates  with  water  for  the  extradlion  of 
arseniate  of  potash  ;  he  then  reduces  the  residue  with  ^  part 
of  tartar.  Meyert  recommends  heating  with  J  part  of  soda- 
saltpetre  and  J  part  of  carbonate  of  soda,  washing  with  water, 
and  melting  the  residue  with  tartar.  SchieU  recommends 
the  melting  of  16  parts  of  regulus  with  i  J  parts  of  soda,  re- 
peatedly adding  some  saltpetre,  and  stirring  with  a  clay  rod. 
Berzelius  melts  2  parts  of  metal  with  i  part  of  oxide  of 
antimony.  Muspratt  melts  4  parts  of  antimony  with  i  part 
of  manganese,  and  repeatedly  melts  the  resulting  regulus 
with  o'l  part  of  potash. 

*  Pogg.  Ann.,  Bd.  27,  p.  628. 

t  Ann.  d.  Ch.  u.  Pharm.,  Bd.  66,  p.  238. 

J  Erdm.  J.  f.  pr.  Ch.,  Bd.  73,  p.  i8g. 
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CHAPTER    IX. 
NICKEL. 

PRINCIPAL  ORES  OF  NICKEL. 

The  principal  ores  of  nickel  are — 

Kupfer-nickel,  Ni^As,  containing  43*5  per  cent  of  nickel, 
and  frequently  cobalt,  iron,  and  sulphur ;  sometimes  also  lead 
and  copper. 

Chloantite,  NiAs,  containing  27*8  per  cent  of  nickel,  and 
frequently  cobalt  and  iron,  sometimes  bismuth. 

Nickelspeiss-glance,  Ni^Sb,  containing  31*4  per  cent  of 
nickel,  and  frequently  iron,  arsenic,  and  disseminated  galena. 

Nickelglance,  NiS,  +  NiAs,  containing  35*1  per  cent  of 
nickel  when  pure. 

Antimonial  Nickelglance,  NiS^  +  NiSb,  containing 
27*6  per  cent  of  nickel. 

Of  less  importance  are — 

Nickel  Ochre,  3NiO,  AsOj,  containing  29*5  per  cent  of 
nickel ;  Nickelkies,  NiS,  containing  64*8  per  cent  of  nickel; 
and  other  nickel  ores  which  are  sometimes  intermixed  and 
worked  with  the  principal  ores. 

These  ores*  occur  in  Hungary,  Erzgebirge,  Thuringia, 
Mansfeld  on  the  Rhine,  Silesia,  Spain,  Norway,  Pennsyl- 
vania, &c. 

*  V.  CoTTA,  Erzlagerstatten,  ii.  V.  Dechbn,  Statistik  d.  zollv.  Deutchl., 
i.,  774.  B.  u.  h.  Ztg.,  1861.  p.  124;  1863,  p.  306.  Oesterr.  Ztschr.,  1855,  p. 
397;  »858,  p.  60;  1858,  p.  62.     Leob.  Jahrb.,  i860,  ix.,  260. 
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The  ores  of  nickel  found  in  Great  Britain*  are  the  follow- 
ing :— 

Annabergite,  arseniate  of  nickel,  found  at  Huel  Chance 
and  Pengelly  mines  in  Cornwall ;  Emerald  Nickel,  said,  by 
Dr.  Heddle,  to  be  found  on  chromate  of  iron  from  Swinaness 
in  Unst,  one  of  the  Shetland  Islands.  Millerite,  sulphide  of 
nickel ;  this  mineral  has  been  found  with  the  Septaria,  at 
Ebbw  Vale,  in  Monmouthshire,  at  Combe  Martin,  and  at  Huel 
Chance  and  Pengelly  in  Cornwall.  Eisen  Nickelkies,  sul- 
phide of  iron  and  nickel.  This  ore  has  been  found  in  consi- 
derable quantities  on  the  property  of  the  Duke  of  Argyll,  near 
Inverary.  Greg  and  Lettsom  give  the  following  analysis  of 
a  specimen  of  the  rough  ore  reduced  to  powder : — 

Iron  4376 

Nickel I4'22 

Sulphur 34*46 

Silica        5*90 

Lime         i'45 

Kupfemickel,  Copper  Nickel. — Two  or  three  mines  in 
Cornwall  have  yielded  this  ore  in  some  quantities.  It  has 
been  worked  at  Huel  Chance  and  at  Pengelly.  It  was  found 
at  the  Fowey  Consols  mine.  St.  Austell  Consols  produced 
in  1856  11^^  tons;  in  1857,  i  ton  ;  in  1858,  ij  tons.  Fowey 
Consols  produced  in  1853,  3  tons.  Rammelsberg  gives  the 
following  analysis  of  a  foreign  variety  which  corresponds 
very  nearly  with  some  of  the  English  examples : — 

Arsenic 48*80 

Nickel 39*94 

Cobalt o*i6 

Antimony 8*oo 

Silica        2*oo 

Other  ores,  for  instance  iron,  copper,  magnetic  and  ar- 
senical pyrites,  sometimes  contain  a  small  amount  of  nickel, 
derived  either  from  disseminated  nickel  ore  or  from  nickel 
being  isomorphous  with  iron.  Such  orest  occur  in  Dillen- 
burg,  Gladenbach,  at  Klefva  in  Sweden,  Snarum  in  Norway, 
Varallo  in  Piedmont,  &c. 

*  Dr.  Ure's  Didionary  of  ArtSf  &c.»  1867,  iiiM  245. 

t  B.  u.  h.  Ztg.,  1856,  p.  301 ;  1858,  pp.  304,  353  ;  1861,  pp.  364,  472;  1864, 
p.  58.  Oesterr.  Ztschr.,  1861,  p.  406.  Berggeist,  1862,  No.  65.  Ann.  d. 
Cheni.  u.  Pharxn.,  i860,  Bd.  115,  p.  338. 
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Nickel,  moreover,  is  contained  in  some  smelting  produdls, 
such  as  speiss,  black  copper,  slags,  lead,  litharge,  &c.  It  is 
frequently  present  in  the  liquid  metal  of  Pattinson's  process. 
The  ores  contain  so  small  an  amount  of  nickel  that  it  cannot 
be  determined  by  analysis,  but  it  becomes  evident  in  the 
smelting  products. 

SYNOPSIS    OF    PROCESSES    FOR    THE    PRODUCTION    OF 

NICKEL. 

The  production  of  metallic  nickel  is  mostly  efFedled  by 

.  methods  which  are  partly  kept  secret.    Occasionally  nickel 

is  produced  from  smelting  produdls,  and  in  rare  cases  only 

are  the   ores  worked  for  the  diredl  produdlion  of  nickel, 

without  a  previous  formation  of  speiss  or  matt. 

Sulphides  of  iron  and  arsenic  are  mostly  used  as  reagents 
for  concentrating  nickel,  and  at  the  same  time  sulphur 
and  arsenic  are  employed  if  copper  is  to  be  extracted 
together  with  nickel,  forming  then  nickel  speiss  and  copper 
matt.  If  the  ores  of  nickel  contain  a  due  proportion  of 
copper,  sometimes  by  a  judicious  combination  of  the  dry  and 
the  wet  way,  an  alloy  of  copper  and  nickel  is  produced,  instead 
of  metallic  nickel. 

Z.    CONCENTRATION   SMELTING   OF  NICKEL  ORES. 

This  smelting  aims  at  the  collection  of  the  nickel  in  a 
matt,  speiss,  or  in  black  copper. 

Concentration   Smelting  of  Nickel   Ores  for  the   Pro- 
dud^ion  of  Matt. 

This  method  is  chiefly  applied  to  working  sulphuretted 
ores  containing  nickel,  such  as  iron  and  magnetic  pyrites. 
It  is  based  upon  the  fadt  that  the  oxidised  iron  contained  in 
the  roasted  ores  becomes  scorified  in  great  part  when  sub- 
mitting the  ores,  after  partly  roasting  them,  to  a  reducing  and 
purifying  smelting  with  an  addition  of  quartz  or  siliceous 
substances.  The  oxide  of  nickel  which  has  been  formed 
by  the  roasting  process,  and  which  is  somewhat  easier 
to  reduce  than  oxide  of  iron,  thus  becomes  reduced  to 
metallic  nickel,  and  concentrates  in  a  matt  formed  of  the 


~\ 
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undecomposed  metallic  sulphides,  and  of  those  sulphides 
which  have  been  reduced  from  sulphates.  A  slag  interme- 
diate between  a  mono-  and  bi-silicate,  facilitates  a  perfedl 
separation  of  the  matt.  If  at  the  same  time  the  ore  contains 
copper,  this  metal,  owing  to  its  greater  affinity  to  sulphur, 
is  more  perfeftly  concentrated  in  the  matt  than  nickel.  The 
roasting  must  be  carried  on  so  far  as  to  convert  most  of  the 
iron  into  peroxide,  which  then  becomes  reduced  to  protoxide 
and  scorified.  If  the  roasting  mass  contains  too  much  prot- 
oxide of  iron,  this  oxide,  when  in  contact  with  coal,  becomes 
rapidly  reduced  to  metallic  iron,  partly  entering  the  matt,  or 
forming  iron  deposits  with  a  portion  of  the  nickel.  The  iron 
may  be  separated,  more  and  more,  by  a  repeated  roasting 
and  reducing  smelting  of  the  matt.  Reverberatory  furnaces 
are  better  adapted  to  the  smelting  process  than  cupola 
furnaces,  as  the  latter  are  more  apt  to  form  metallic  combi- 
nations (nickeliferous  black  copper  and  iron  deposits), 
besides  the  matt,  from  which  nickel  can  only  be  extracted  with 
great  difficulty.  This  disadvantage  outweighs  the  advan- 
tage of  the  quicker  concentration  of  the  nickel  by  the  cupola 
furnace.  StapfF*  states  that  the  construdlion  of  the  cupola 
furnaces  greatly  influences  the  results  of  this  concentration 
smelting.  Furnaces  constru(5led  as  channel  furnaces,  with 
two  open  eyes  (page  91),  facilitate  the  formation  of  a  slag 
rich  in  copper  and  nickel,  and  of  a  matt  rich  in  iron,  as 
more  reducing  gases  ascend  the  furnaces  and  reduce  oxides 
of  copper,  nickel,  and  iron  ;  crucible  furnaces  (page  90)  have 
proved  to  be  the  most  economical  for  these  smeltings ;  more 
so  than  sump  furnaces. 

After  being  concentrated  in  a  cupola  furnace,  the  matt  is 
submitted  to  an  oxidising  blast  smelting,  in  order  to  extra<5t 
the  iron  as  perfectly  as  possible,  since  its  extradlion  causes 
great  difficulty  in  the  later  produdlion  of  metallic  nickel.  A 
concentration  of  the  roasted  matt  in  reverberatory  furnaces, 
with  an  addition  of  quartz,  heavy  spar,  or  sulphate  of  soda 
and  some  coal,  is  quite  as  effeiStive  for  separating  iron, 
and  perhaps  more  so ;  besides  it  causes  no  loss  of  copper 

*  B.  u.  h.  Ztg.,  1858,  p.  352. 
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and  nickel  in  the  slag,  and  no  separation  of  metallic  masses 
(black  copper,  iron  deposits).  The  coal  given  in  admixture 
transforms  the  heavy  spar  into  sulphide  of  barium,  which 
sulphurises  the  oxidised  copper  and  nickel  present  in  the 
mixture,  forming  baryta;  this  combines  with  protoxide  of 
iron  and  quartz  in  an  easily  fusible  slag. 

When  producing  nickel  from  such  a  matt,  a  partial  separ- 
ation of  the  nickel  from  the  other  metals  is  in  most  cases 
-already  induced  by  a  roasting  of  the  matt,  thus  forming 
sulphates  which  are  more  or  less  easily  transformed  into 
oxides ;  the  transformation  of  sulphate  of  iron  is  effected 
most  readily,  that  of  sulphate  of  copper  less  readily,  and 
least  so  that  of  sulphate  of  nickel.  The  oxides  and  sulphates 
are  soluble  in  water  and  in  acids  in  different  degrees. 
According  to  Staplf,*  of  the  free  oxides  of  iron,  copper,  nickel 
and  cobalt  formed  by  the  roasting  process,  oxide  of  copper 
is  most  easily  dissolved  in  dilute  warm  sulphuric  acid,  more 
difficult  is  the  solution  of  oxide  of  nickel,  and  most  of  all 
that  of  oxide  of  iron.  Cobalt  seems  to  be  converted  by  the 
roasting  partly  into  C02O3,  which  renders  its  solution 
difficult ;  part  of  the  nickel  also  behaves  similarly.  Zenner 
recommends  heating  the  metallic  sulphides,  in  order  to  expel 
the  small  amount  of  arsenic  which  they  may  contain,  and 
to  extradt  the  greater  part  of  the  sulphide  of  iron  by  means 
of  dilute  sulphuric  acid  ;  sulphides  of  nickel  and  cobalt  are 
not  thus  attacked. 

Illustrations   of  the  Concentration   SmcUing   for   the 
Produdlion  of  Matt. 

At  Dillenburgt  (Nassau)  iron  pyrites  containing  copper 
and  nickel,  and  composed,  according  to  Schnabel,  of 

Fe 44-52 

Ni      ....    ^   (4  to  6  per  cent.)  6-13 

Cu (5  to  6       „        )  5-39 

s 43*96 

are  roasted  in  vaulted  mounds  for  four  or  five  days,  and  then 
smelted  with  coke  in  a  channel  furnace,  with  two  open  eyes, 

•  B.  u.  h.  Ztg.,  1858,  p.  379. 

f  Ibid.,  i860,  p.  277 ;  1864,  p,58.    Dinol.,  Bd.  155,  p.  362. 
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I '4  metres  high,  0*55  metre  broad,  and  07  metre  deep.  If 
the  ores  contain  a  sufficient  amount  of  silica,  alumina,  and 
lime  to  form  a  suitable  slag  with  the  protoxide  of  iron,  they 
are  smelted  without  the  addition  of  fluxes,  otherwise  300  lbs. 
of  ores  are  mixed  with  150  lbs.  of  slags  of  the  same  process, 
13  lbs.  of  limestone,  and  6  lbs.  of  quartz.  About  ig'S  per 
cent  of  raw  matt  are  produced,  containing  19  per  cent  of 
copper,  13  per  cent  of  nickel,  35  per  cent  of  iron,  and  33  per 
cent  of  sulphur,  besides  some  slag  of  the  following  com- 
position : — 

SiO, 38-56 

AUOj 7-16 

FeO 35-64 

CaO 13-55 

MgO 4-79 

Cu^O 0-58 

NiO trace 

The  resulting  metallic  soot  is  added  to  later  smeltings, 
and  deposits  containing  41-5  per  cent  of  iron,  if  not  in  too 
large  pieces,  are  also  added  to  the  smelting  mixture  ;  other- 
wise they  are  roasted  and  submitted  to  an  oxidising  smelting 
on  a  copper  refinery  hearth,  thus  yielding  a  produft  containing, 
for  instance, — 

Fe 20-1 

Cu 23-7 

Co 2-55 

Ni 27-81 

After  being  roasted  in  mounds  three  or  four  times,  the  raw 
matt  is  smelted,  together  with  200  lbs.  of  nickel  slags  and 
12  lbs.  of  roughly  pounded  quartz  to  every  300  lbs.  of  matt,  in 
a  channel  furnace,  for  the  produ<5tion  of  concentration 
matt,  containing  from  24  to  25  per  cent  of  nickel,  32  to 
36  per  cent  of  copper,  18  to  25  per  cent  of  iron,  and  25  per 
cent  of  sulphur.  The  concentrated  matt  is  then  for  some 
hours  submitted  to  an  oxidising  smelting  to  reduce  its  iron 
to  5  or  2  per  cent,  and  its  sulphur  just  enough  to  keep  the 
matt  sufficiently  brittle  for  division.  Such  a  refined  matt, 
used  for  the  manufa<fture  of  German  silver,  contains,  for 
instance,  35  per  cent  of  nickel,  43  per  cent  of  copper,  2  per 
cent  of  iron,  and  20  per  cent  of  sulphur. 
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At  Gladenbach*  in  Hesse,  iron  and  copper  pyrites  con- 
taining 3*4  per  cent  of  copper  and  17  per  cent  of  nickel  is 
smelted  with  coke  in  cupola  furnaces  for  the  produdtion  of 
raw  matt.  This  matt  is  four  or  five  times  roasted  in  mounds 
and  smelted  for  the  production  of  concentration  matt,  which 
is  then  submitted  to  an  oxidising  smelting  with  coke,  a 
produdt  resulting  containing  60  per  cent  of  nickel,  some 
copper,  and  sulphur.  The  concentration  matt  contains, 
according  to  Ebermayer,  24  per  cent  of  nickel,  34  per  cent  of 
iron,  18  per  cent  of  copper,  and  24  per  cent  of  sulphur. 

At  Klefvat  in  Sweden,  copper  pyrites  intermixed  with 
nickeliferous  magnetic  pyrites,  containing  on  an  average 
1*22  per  cent  of  copper  and  3*05  per  cent  nickel,  are  smelted 
in  sump  furnaces,  for  the  produdtion  of  raw  matt.  According 
to  an  analysis  by  StapfF,  this  matt  is  composed  of  8*57  per 
cent  of  nickel,  60*46  per  cent  of  iron,  3*21  per  cent  of  copper, 
and  25*59  P^^  c^i^t  of  sulphur.  After  being  roasted  three  times 
it  is  smelted  in  crucible  furnaces,  producing  concentration 
matt  containing  30*92  per  cent  of  nickel,  31*27  per  cent  of 
iron,  12*11  per  cent  of  copper,  and  24*48  per  cent  of  sulphur. 
According  to  Stapff,J  the  slag  was  composed  of — 

SiOj 28*09 

AlaOj    .   * 350 

FeO 60*62 

S .  058 

CoO,  NiO,  MnO     .     .     .  1*44 

it  contained  8*45  per  cent  of  intermixed  matt,  consisting  of 
2*97  per  cent  of  iron,  2*42  per  cent  of  nickel,  0*97  per  cent 
of  copper,  and  2*09  per  cent  of  sulphur. 

At  Varalloll  in  Piedmont  magnetic  pyrites,  containing  5  per 
cent  of  nickel,  is  worked  for  the  produdtion  of  a  saleable  matt 
containing  50  per  cent  of  nickel.  The  annual  produdtion 
amounts  to  50  tons  of  matt. 

•  B.  u.  h.  Ztg.,  1856,  p.  301. 

f  Ibid.,  1858,  pp.  353,  377;  1852,  p.  76.    Erdm.,  J.  f.  pr.  Chem.,  Bd,  53,  p. 
242 ;  Bd.  54,  p.  81. 

X  B.  u.  h.  Ztg.,  1856,  p.  355. 

II  Oesteir;  Ztschr.,  1861,  p.  406.     Revue  univers.,  5  an.,  4  livr.,  p.  186. 
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Concentration  Smelting  for  the  Produd^ion  of  Speiss. 

If  a  combination,  consisting  chiefly  of  nickel,  iron,  and 
arsenic,  imperfeftly  roasted,  is  submitted  to  a  reducing  and 
purifying  smelting,  the  oxidised  iron  becomes  in  great  part 
scorified,  the  oxidised  nickel  reduced  to  metallic  nickel,  and 
arseniates,  if  present,  reduced  to  metallic  arsenides  (speiss) ; 
the  nickel  then,  owing  to  its  greater  affinity  to  arsenic  than 
to  sulphur,  colledts  in  the  speiss.  If  at  the  same  time  the 
ore  contains  copper,  it  will  also  enter  the  speiss,  but  it  may 
be  collected  in  great  part  in  a  separate  product — a  matt, — 
by  adding  some  iron  pyrites  to  the  mixture.  The  amount 
of  iron  may  be  more  completely  extracted  from*  the  speiss 
by  a  repeated  roasting  and  purifying  smelting,  or  by  an 
oxidising  smelting,  and,  according  to  experiments  made  at 
Freiberg,*  this  is  effedled  most  advantageously  by  adding 
some  heavy  spar  (or  Glauber's  salts)  and  quartz  to  the  raw 
speiss ;  should  the  speiss  contain  lead  it  must  undergo  a 
moderate  preliminary  roasting. 

The  arsenide  of  iron  seems  here  to  reduce  the  sulphate  of 
baryta  to  sulphide  of  barium,  which  converts  arsenide  of 
copper  into  sulphide  of  copper.  This  sulphide  combines 
with  the  sulphide  of  iron,  forming  copper  matt,  and  separates 
from  the  arsenides  of  nickel  and  cobalt  (speiss),  undecom- 
posed  by  the  heavy  spar ;  the  greatest  part  of  the  protoxide 
of  iron,  together  with  oxide  of  barium,  enters  the  slag.  If  the 
due  proportion  of  heavy  spar  is  added,  the  resulting  matt 
will  be  nearly  free  from  nickel  and  cobalt. 

The  following  substances  are  chiefly  submitted  to  a  con- 
centration by  means  of  arsenic : — 

a.  Nickel  ores,  the  nickel  being  chiefly  combined  with 
arsenic. 

6.  Speisst  containing  antimony  and  arsenic,  resulting  from 
the  silver  and  copper  smelting  processes. 

c.  Smelting  produces  free  from  arsenic. 

Arsenical  pyrites,  FeS-,  +  FeAs,  forming,  when  heated, 

•  B.  u.  h.  Ztg.,  1849,  p.  182. 
t  Ibid.,  1864,  p.  323- 
VOL.  I.  2  0 
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2FeS,  and  evolving  nearly  one  atom  of  arsenic  (=46  per 
cent),  is  chiefly  used  for  forming  the  arsenic  compounds. 

Illustrations  of  the  Smelting  of  Arsenical  Nickel  Ores 
for  the  ProduAion  of  Speiss. 

At  Sangershausen*  (Mansfeld),  nickel  ores,  chiefly  copper- 
nickel  associated  with  heavy  spar,  are  smelted  without  being 
dressed,  in  admixture  with  i  per  cent  of  fluor  spar,  2  per 
cent  of  alumina,  4  per  cent  of  quartz  sand  and  slag  of  the 
same  process,  in  a  sump  furnace  6  feet  high  and  i  foot  wide, 
for  the  production  of  marketable  nickel  speiss.  According 
to  Hampe,  such  a  speiss  is  composed  of — 

Ni 5972 

Cu 0-48 

Fe o*6i 

As 37'55 

S I'go. 

I  cwt.  of  ore  consumes  about  3*5  cwts.  of  coal.  If,  owing  to 
too  much  iron,  the  resulting  speiss  is  coarse,  granular,  and 
of  wavy  appearance,  instead  of  fine  and  granular,  the  addition 
of  fluor  spar  must  be  diminished.  At  the  termination  of  the 
operation  the  resulting  furnace  ends  are  smelted,  producing 
an  impure  speiss  containing  much  sulphur  and  iron  ;  this  is 
roasted  and  re-smelted.  About  10  tons  of  ore  are  worked 
annually. 

At  Schladmingt  nickel  ores  containing  12  per  cent  of 
nickel  are  smelted  for  the  produdlion  of  raw  matt,  which 
is  then  melted  with  richer  ores,  producing  refined  speiss. 

At  Birmingham,!  Hungarian  nickel  ores  containing  6  per 
cent  of  nickel  and  3  per  cent  of  cobalt,  are  more  or  less 
moderately  roasted  according  to  their  composition ;  after- 
wards they  are  raised  to  a  white  heat  in  a  reverberatoiy 
furnace  with  an  addition  of  chalk  and  fluor  spar ;  the  slag 
formed  is  removed,  the  speiss  tapped  off,  quenched  with  cold 
water,  and  ground;  it  is  then  roasted  for  12  hours  and  worked 
for  the  extraction  of  its  nickel. 

•  B.  u.  h.  Ztg.,  1864,  p.  50. 

f  Lboben,  Jahrb.,  i860,  ix.,  277. 

1  DiHOL.,  Bd.  Ill,  p.  17a;  Bd.  112,  p.  75.     B.  u.  h.  Ztg.,  1849,  p.  801. 
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Engelhardt  dire<5ls  that  nickel-antimony  glance  from  Cams- 
dorf,*  intimately  disseminated  with  galena,  sparry  iron  ore, 
and  brown  iron  ore,  should  be  worked  on  a  small  refinery 
hearth  for  the  direft  production  of  speiss,  which  is  then 
smelted  with  an  addition  of  lime  and  loam  in  a  cupola 
furnace  4^-  feet  high,  for  the  produftion  of  concentrated 
speiss. 

Illustrations  of  the  Concentration  of  Speiss  produced 
by  the  Copper  and  Lead  Smelting  Process. 

At  Freibergt  speiss  resulting  from  the  raw  and  concen- 
tration smelting  of  lead  and  copper  matt,  and  containing 
lead,  copper,  about  0*5  per  cent  of  silver,  and  2*5  per  cent 
of  nickel  and  cobalt,  is  smelted  in  admixture  with  50  per 
cent  of  metalliferous  hearth  and  150  per  cent  of  barj^a  slags 
from  the  concentration  smelting  ef  copper  matt ;  thus  pro- 
ducing raw  lead,  copper  matt,  and  poor  argentiferous  speiss 
containing  from  15  to  18  per  cent  of  nickel  and  cobalt.  This 
speiss,  after  being  desilverised,  is  refined  in  a  reverberatory 
furnace  with  an  addition  of  50  or  60  per  cent  of  heavy  spar 
and  from  20  to  25  per  cent  of  quartz,  producing  a  commercial 
speiss  nearly  free  from  iron,  and  containing  from  40  to  44  per 
cent  of  nickel  and  8  or  10  per  cent  of  copper ;  some  plum- 
biferous  copper  matt  also  results.  18  tons  14  cwts.  of  nickel 
speiss  were  produced  in  i86i. 

At  the  Lower  HartzJ  a  speiss  from  the  smelting  of 
cupriferous  lead  matt  (page  124),  had  the  following  compo- 
sition : — 

Cu 44-56 

Pb 26-11 

Fe 5-54 

Ni 071 

Co 1-63 

Ag 0-13 

Sb 5'2i 

As 12*98 

S 2-86 

•  Bgwkfd.,  ii.,  369,  529. 

t  B.  u.  h.  Ztg..  1864,  p.  59. 

♦  Bgwkfd.,  ix.,  326;  xi.,  138. 
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It  is  submitted  to  an  oxidising  smelting  in  a  cupelling  furnace, 
yielding  argentiferous  black  copper,  slag,  and  a  dross 
difficult  to  fuse.  This  dross  is  smelted  for  the  produftion  of 
copper  matt  and  speiss,  and  the  slag  is  treated  for  the  pro- 
du<5tion  of  antimonial  lead  and  speiss  ;  this  speiss  contains 
2  or  3  per  cent  of  cobalt  and  0*8  per  cent  of  nickel. 

Illustrations  of  the  Smelting  of  Intermediate  Produ(5^s 
(Matt,  Slag)  free  from  Arsenic,  for  the  ProduAion 
of  Nickel  Speiss. 

This  smelting  operation  is  based  upon  the  readlion  of 
arsenical  pyrites,  with  or  without  an  addition  of  heavy  spar, 
when  producing  speiss  nearly  free  from  iron,  copper,  and 
copper  matt,  and  is  chiefly  applied  to  products  containing 
copper  and  nickel.  It  was  first  applied  in  Saxony*  to  Dan- 
ores  containing  a  certain  amount  of  nickel  and  cobalt,  and 
has  been  lately  patented  by  Viviant. 

At  Altenaut  (Hartz),  a  slag  containing  nickel  results  from 
the  oxidising  smelting  of  copper  produced  from  furnace  ends 
and  residues.  This  slag  has  lately  been  treated  for  the  pro- 
du<5tion  of  commercial  nickel  speiss.  Hahn's  analysis  shows 
it  to  have  the  following  composition  : — 

SiOj 13*607 

PbO 67743 

CuaO 7125 

FeO 1663 

NiO 2*523 

CoO trace 

MnOl °^75 

CaO 0*915 

MgO 0*510 

AlA 3-897 

SbOj 1-371 

SO3 0-027 

The  slag  is  sorted  into  weir  fused,  and  imperfe<atly  fused 
pieces;  that  in  the  form  of  grains  is  washed  to  produce  schlich 

*  B.  u.  h.  Ztg.,  1849,  P-  183. 
t  Ihid.,  1852,  No.  50.. 
{  Ibid.,  1865,  p.  9. 
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and  metallic  residues.  From  these  uniform  mixtures  are 
formed,  which  are  mixed  with  lo  per  cent  of  iron  pyrites  and 
with  an  amount  of  arsenical  pyrites  gradually  increasing 
from  10  to  40  per  cent.  The  addition  of  iron  pyrites  is  kept 
in  a  constant  proportion,  and  the  quantity  of  arsenical 
pyrites  increased  till  a  speiss  results  with  a  fine  conchoidal 
fradture  and  separating  well  from  the  copper  matt.  If  the 
speiss  is  reddish,  granular,  and  similar  to  iron  deposits,  the 
addition  of  arsenical  p)rrites  is  further  increased. 

The  following  is  the  most  advantageous  and  generally 
adopted  admixture : — 5  tons  of  slags,  i  ton  1*54  cwts.  of 
arsenical  pyrites,  i  ton  12*22  cwts.  of  iron  pyrites,  2  tons 
11*59  cwts.  of  copper  matt  slags,  and  3  tons  14*12  cwts.  of 
lead  matt  slag ;  a  monosilicated  slag  is  thus  obtained.  This 
mixture,  smelted  in  a  cupola  furnace  8J-  feet  high  (page  106), 
yields  7*61  cwts.  of  raw  lead  containing  0*04  per  cent  of 
silver,  i  ton  4*48  cwts.  of  raw  speiss,  and  2  tons  11*57  cwts. 
of  copper  matt,  consuming  30*7  cubic  feet  of  charcoal  and 
7  tons  15*03  cwts.  of  coke. 

Raw  speiss  and  copper  matt  are  composed,  according  to 
Streng,  as  follows  : — 

Speiss.  Matt. 

Ni 26*77  6*10 

Cu 19*85  37*24 

Fe 15*82  20*84 

Pb 12*14  16*10 

As 12*15  trace 

Sb 10*01  0*47 

S        4'57  19*25 

The  raw  speiss  is  roasted  in  heaps  three  times,  chiefly  to 
liquate  the  lead  and  oxidise  the  iron,  and  then  smelted  in  a 
cupola  furnace  with  an  addition  of  5  per  cent  of  arsenical 
pyrites,  12^^  per  cent  of  heavy  spar,  50  per  cent  of  copper 
matt  slag,  50  per  cent  of  lead  matt  slag,  and  as  much  impure 
slag  of  the  same  process  (about  22  per  cent)  as  is  to  be  had. 
Five  tons  of  slag  yield  3  cwts.  of  raw  lead,  57  per  cent  of 
•.fined  speiss,  and  40  per  cent  of  copper  matt,  consuming 
10*6  cubic  feet  of  charcoal  and  i  ton  18  cwts.  of  coke ;  the 
resulting  is  between  a  mono-  and  sub-silicate. 
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The  speiss  and  matt  are  composed  as  follows : — 

Speiss.  Matt. 

Ni 35*13  1   ..^y 

Co I-07  j  4  37 

Cu I7'i8  37*45 

Pb 6'59  22*8i 

Fe 8-41  12-68 

As 18*65  trace 

Sb 10*82  trace 

S 2' 16  24*48 

61  tons  of  slag  yield  14^  tons  of  raw  speiss,  Or  8J^  tons  of 
refined  speiss, 

At  Joachimsthal*  the  residues  resulting  from  the  extradlion 
of  silver  by  Patera's  method  (page  393)  are  smelted  together 
with  poor  silver  ores,  with  an  addition  of  10  per  cent  of  iron 
pyrites,  12  per  cent  of  pounded  slags,  and  sufficient  lime  to 
produce  16  per  cent  of  matt.  This  matt  is  desilverised  by 
extraftion,  and  the  residues  are  smelted  in  admixture  with 
arsenical  and  iron  pyrites  for  the  produftion  of  argentiferous 
copper  matt  and  raw  speiss.  This  speiss  is  almost  com- 
pletely liberated  from  its  iron  by  smelting  in  a  blast  rever- 
beratory  furnace  with  an  addition  of  an  easily  fusible  flux. 

Concentration   Smelting  for  the   Produ(5lion   of  Black 
Copper  or   Nickel   Deposits. 

Sufficient  nickel  in  black  copper  sometimes  concentrates 
in  the  uppermost  copper  disc  of  the  refinery  hearth,  to  make 
its  extradlion  profitable,  especially  as  nickel  is  injurious  in 
the  refinery  process,  and  deteriorates  the  quality  of  the 
copper.  Mica  copper,  obtained  from  the  smelting  of  copper 
residues,  contains  nickel,  as  i8(CuO,NiO),  SbOj,  and  is  some- 
times found  as  oxide  of  nickel  t  in  small  black  crystals  in 
the  upper  copper  discs.  Alloys  of  nickel  are  sometimes  pro- 
duced intentionally  in  the  smelting  processes  instead  of  speiss 
and  matt,  as  they  are  usually  more  easily  treated,  as  at 
Mansfeld,  for  instance,  where  they  produce  nickeliferous 
copper  from  slags  of  the  copper  refinery  process,  which  is 

*  B.  u.  h.  Ztg.,  i860,  p.  278 ;  1861,  p.  60. 
t  Wagner*s  Jahrsber.,  i860,  p.  151. 
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then  treated  with  sulphuric  acid,  whilst  in  Freiberg  and 
Altenau  similar  produdls  are  smelted  with  arsenical  and  iron 
pyrites. 

Tunner  considers  Chenot's  mode  of  manufafturing  iron 
{vide  iron)  applicable  to  the  extraction  of  nickel  from  its 
ores. 

II.  PRODUCTION  OP  METALLIC  NICKEL  OR  OP  COPPER 
NICKEL  ALLOYS. 

The  different  methods  for  the  produftion  of  this  are  partly 
kept  secret,  and  are  based  upon  the  most  varied  chemical  reac- 
tions. The  dry  way  is  rarely  adopted  ;  the  wet  way  is  the 
most  general,  but  occasionally  the  two  methods  are  combined. 
If  the  raw  material  contains  copper,  an  alloy  of  nickel  and 
copper  is  produced,  which  may  be  used  at  once  for  technical 
purposes,  otherwise  metallic  nickel  is  produced. 

As  copper  and  nickel  possess  several  qualities  in  common, 
for  instance,  almost  the  same  affinity  for  oxygen,  they  can 
only  be  separated  with  difficulty,  and  not  at  all  by  an  oxida- 
tion smelting. 

Nickel  approaches  most  nearly  to  silver  in  its  nature,* 
particularly  when  alloyed  with  copper  and  zinc,  but  unlike 
silver,  it  is  not  discoloured  by  sulphuretted  hydrogen.  A  certain 
amount  of  arsenic  renders  nickel  and  German  silver  brittle, 
and  causes  them  to  become  tarnished  when  exposed  to  the 
atmosphere.  Iron  and  sulphur  also  render  nickel  brittle, 
but  the  presence  of  cobalt  has  a  slightly  advantageous  in- 
fluence upon  its  dudtility  and  colour;  lead  improves  the 
colour  of  German  silver,  but  increases  its  brittleness. 

Nickel  is  usually  sold  in  the  form  of  small  cubes,  and  when 
alloyed  with  copper,  in  cakes  like  refined  copper.  The  cubes 
are  made  in  the  following  manner  : — Hydrated  oxide  of 
nickel  produced  in  the  wet  way  is  mixed  in  a  pasty  mass 
with  about  5  per  cent  of  rye  flour,  some  beet  root  syrup,  and 
water.  This  mass  is  firmly  beaten  into  a  frame,  and  cubes 
of  I,  ^  inch,  or  less  are  cut  out  of  it;  the  cubes  are  then 

*  B.  u.  h.  Ztg.,  i860,  p.  400;  1861,  pp.  236,  372;  1863,  pp.  304,  439;  1864, 

p.  91. 
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quickly  dried,  without  carbonising  the  flour,  and  so  as  not  to 
lose  their  form  by  its  fermentation. 

The  dried  cubes,  in  crucibles  or  tubes  surrounded  by  coal 
dust,  are  gradually  heated  to  a  strong  white  heat  so  as  to 
cause  them  to  cake  together,  being  reduced  already  at  a  low 
temperature.  Nickel  melts,  at  about  1900°  or  2100°  C,  with 
somewhat  le^s  difficulty  than  cobalt.  It  cannot  be  fused  in 
the  common  metallurgical  furnaces,  but  small  quantities  may 
be  melted  in  Sefstrom's  furnace.  According  to  Aubel,*  nickel 
has  been  fused  before  the  tuyere  of  a  Rachette  furnace  and 
in  a  porcelain  furnacet ;  and  MontefioreJ  states  that  it  may 
be  fused  in  larger  quantity  in  the  platinum  apparatus  con- 
trived by  Devi  He  and  Debray.  Ten  per  cent  of  copper  and  a 
small  quantity  of  sulphur  render  nickel  fusible  in  a  good  air 
furnace. 

Pure  nickel,  when  taken  from  the  redudlion  vessels  pos- 
sesses metallic  lustre  ;  adhering  drops  of  glass  indicate  the 
presence  of  alkali.  If  the  drops  are  blue,  cobalt  is  present, 
and  if  yellow,  iron.  Black  drops,  evolving  sulphuretted 
hydrogen  gas  when  moistened,  prove  that  the  alkaline  sul- 
phide has  not  been  sufficiently  extracfled  previously  to  the 
redudlion  of  nickel.  Dull  looking  cubes  may  be  polished  by 
rotating  them  with  water  in  casks.  If  the  admixture  of  flour 
has  been  too  large  the  resulting  metal  will  appear  grey  and 
easily  crumble,  and  have  but  little  lustre.  If  the  tempera- 
ture employed  for  caking  the  metal  has  not  been  sufficiently 
high,  a  pulverulent  or  grey  spongy  mass  will  be  obtained. 

The  reduftion  and  caking  of  nickel  is  eff'edled  in  crucibles 
or  tubes,  in  furnaces  allowing  either  continued  or  interrupted 
operations.  Reverberatory  furnaces  furnished  with  vertical 
tubes  are  applied  for  continued  operations;  the  cubes  maybe 
removed  from  the  bottom  of  the  tubes,  which  are  then  at  once 
re-charged  (Liege).  The  temperature  sometimes  rises  so 
high  as  to  fuse  the  nickel,  especially  if  it  contains  copper ; 
it  then  runs  out  of  the  lower  joints  of  the  tubes. 

•  B.  u.  h.  Ztg.,  1862,  p.  392. 

+  GuRLT.,  Pyrogenet  Mineral.,  p.  13. 

;  B.  u.  h.  Ztg.,  i86i,  p.  236. 
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The  following  analyses  of  nickel  and  nickel  copper  are 
interesting : — 


a. 

b. 

c. 

d. 

e. 

Ni  .    .    . 

•    99"57 

97'59 

97*35 

86-90 

32-27 

Co  . 

0*90 

0-85 

9-30 

Fe  . 

0*20 

o'33 

0-35 

0'2I 

070 

Cu  . 

o-i8 

0*26 

0*25 

trace 

66-67 

Zn  .     . 

— 

trace 

trace 

— 

— 

S     .     . 

— 

trace 

trace 

0*22 

0-32 

Si03 

— 

0.92 

1*20 

1*40 

— 

CaO 

— 

— 

— 

i'95 

— 

MgO    , 

— 

— 

— 

trace 

— 

C     . 

0*30 

— 

— 

— 

— 

a,  nickel  from  Iserlohn,  by  Hofmann ;  b,  spongy  nickel 
from  Joachimsthal,  by  Litt  and  Sturm ;  c,  the  same  in  cubes ; 
di  nickel  produced  from  Hungarian  ores,  by  Sturm ;  «,  older 
nickel-copper  of  Dillenburg,  by  Heusler.  The  more  recent 
produdls  contain  73  per  cent  of  nickel. 

Fleitmann's  nickel  in  cubes  costs  about  4s.  6d.  per  lb. 
Nickel  ores,  speiss,  &c.,  are  bought  at  Gladenbach  according 
to  their  contents  of  nickel  at  the  following  prices  : — 

Ores,  &c.,  containing  as  much  as  5  per  cent  of  nickel  at 
IS.  per  lb.  per  cent. 

Ores,  &c.,  containing  from  5  to  10  per  cent  of  nickel  at 
IS.  6d.  per  lb.  per  cent. 

Ores,  &c.,  containing  from  10  per  cent  upwards  of  nickel 
at  3s.  per  lb.  per  cent. 

Produ(5tion  of  Nickel  in  the  Dry  Way. 

The  different  methods  in  the  dry  way  usually  yield  more 
impure  and  less  constant  produdls  than  thewetway,  unless  the 
raw  material  is  very  pure.  The  oldest  of  these  methods*  con- 
sisted of  a  repeated  roasting  of  speiss  with  coal  and  wood 
chips,  and  reducJtion  of  the  oxide  of  nickel.  By  more  recent 
methods,  the  speiss  is  submitted  to  an  oxidation  smelting  in 
a  reverberatory  furnace  with  an  addition  of  purifying  slag 
fluxes  in  order  to  scorify  the  iron  ;  after  separating  the  iron 
the  oxidation  is  continued  without  an  addition  of  slag,  thus 

•  Bgwkfd.,  Ivm  513' 
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forming  crusts  rich  in  cobalt  but  also  containing  nickel ;  they 
are  removed  till  the  nickel  is  sufficiently  purified,  and  are 
treated  in  the  wet  way  after  exposure  for  some  time  to  the 
atmospheric  air.    Copper  cannot  be  removed  by  this  method. 

According  to  H.  Rose,*  nickel  free  from  arsenic  may  be  pro- 
duced by  heating  arsenide  of  nickel  with  sulphur,  so  forming 
sulphide  of  nickel,  whilst  sulphide  of  arsenic  is  volatilised. 
Some  remaining  arsenic  may  be  completely  separated  by 
roasting  the  matt,  and  treating  it  again  with  sulphur.  The 
removal  of  arsenic  may  be  more  quickly  efifedled  by  fusing 
arsenide  of  nickel  with  seven  or  eight  times  the  quantity  of 
bi-sulphate  of  ammonia,  thus  producing  basic  sulphate  of 
nickel,  and  volatilising  the  arsenic. 

The  following  method  has  been  tried  at  Dillenburg.  The 
refined  matt  (page  559)  is  pounded  and  roasted  as  perfectly  as 
possible  for  fourteen  hours  at  a  gradually  rising  temperature ; 
it  is  then  treated  in  quantities  of  100  lbs.  at  a  time,  with  45  lbs. 
of  soda,  in  a  reverberatory  furnace  at  a  red  heat  for  six  or 
seven  hours ;  the  mass  is  continually  stirred  to  combine  the 
sulphur,  which  may  still  remain,  with  the  soda.  The  sulphide 
of  sodium  and  sulphate  of  soda  formed  are  then  washed  out 
with  warm  water,  the  residue  boiled  down  till  dry,  and 
reduced  by  powdered  coal  in  plumbago  crucibles  at  a  white 
heat  maintained  for  six  hours.  The  resulting  alloy  is  sub- 
mitted to  an  oxidation  smelting  for  the  extra<5lion  of  iron, 
and  in  order  to  obtain  an  alloy  of  nickel  and  copper. 

This  method  has  offered  several  difficulties ;  the  metallic 
oxides  when  free  from  sulphur  smelt  with  great  difficulty ; 
the  extradlion  of  iron  is  not  quite  perfedl,  and  the  slag  pro- 
duced by  the  oxidation  smelting  contains  copper  and  nickel. 

Produ(5tion  of  Nickel  in  the  Wet  Way. 

Ores,  matt,  and  speiss  intended  for  treatment  in  the  wet 
way  for  the  extradtion  of  their  nickel  are  usually  submitted 
to  a  previous  roasting,  for  the  following  reasons : — ist,  to 
make  the  iron,  as  far  as  possible,  insoluble  (oxide  of  iron) ; 
2ndly,   to  render  the  other  components   (copper,   nickel, 

•  B.  u.  h.  Ztg.,  1863,  p.  330. 
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cobalt)  soluble  in  water^  by  transforming  them  into  sulphates, 
or  soluble  in  muriatic  and  sulphuric  acid,  by  transforming 
them  into  oxides  or  basic  salts. 

If  matt,  containing  iron,  copper,  nickel,  and  cobalt,  with 
or  without  an  addition  of  iron-vitriol,  or  sulphuric  acid,  is 
submitted  to  an  oxidation  roasting*  at  a  gradually  rising 
temperature,  the  sulphates  formed  will  be  decomposed  into 
oxides  in  the  following  order: — iron,  copper,  nickel,  and 
cobalt ;  sulphate  of  iron  being  decomposed  by  a  red  heat 
most  easily,  and  sulphate  of  cobalt  with  most  difficulty. 
The  greatest  part  of  cobalt  and  nickel,  and  some  copper, 
may  be  extradled  from  such  a  roasting  mass  by  water, 
whilst  nearly  all  the  iron,  much  copper,  and  a  little  cobalt 
and  nickel  remain.  When  treating  this  residue  with  dilute 
acids,  oxide  of  copper  is  dissolved  easiest,  oxide  of  nickel 
with  more  difficulty,  whilst  very  little  oxide  of  iron  is  soluble. 
The  roasting  seems  to  transform  the  greater  part  of  the  oxide 
of  cobalt  into  almost  insoluble  peroxide.  If  metallic  sulphides 
still  remain,  the  acids  will  extradt  sulphide  of  iron,  whilst 
sulphides  of  copper,  nickel,  and  cobalt,  will  be  attacked 
only  slightly  or  not  at  all. 

If  the  strongly  roasted  mass  is  treated  direcJt  with  muriatic 
acid,  without  previous  extradlion  by  water,  but  little  oxide 
of  iron  will  be  dissolved,  and  more  oxide  of  copper  than  oxide 
of  nickel ;  wherefore  most  of  the  iron,  a  little  oxide  of  copper, 
and  much  suboxide  of  nickel  will  remain  in  the  residue.  In  such 
cases,  the  solution  is  now  and  then  used  for  the  produdlion 
of  an  alloy  of  copper  and  nickel,  and  the  residue  treated 
with  boiling  concentrated  acids  for  the  produdlion  of 
metallic  nickel  (Dillenburg).  According  to  Mitscherlich,t 
heated  oxide  of  iron  is  most  easily  dissolved  in  a  mixture  of 
8  parts  sulphuric  acid  and  3  parts  of  water,  and  the  more  acid 
there  is  present  the  quicker  will  be  the  operation.  Very 
dilute  acid  has  but  a  slight  solvent  reaftion. 

Perfedlly  roasted  speiss  always  retain  a  small  quantity  of 
arsenic,  and  Liebigl  states  that  if  mixed  with  sulphuric  acid 

•  B.  u,  h.  ?tg.,  i860,  p.  277. 

t  Erdm.,  J.  f.  pr.  Ch.,  i860,  No.  18,  p.  no. 

I  Pogg.  Ann.,  xviii.,  164. 


Digitized  by  VjOOQ IC 


57^  NICKBL. 

to  a  pasty  mass,  and  heated  in  a  roasting  furnace  to  expel 
the  excess  of  acid,  arseniate  of  iron,  or  a  basic  iron  salt  and 
oxide  of  copper  will  chiefly  remain  ;  whilst,  in  proportion  to 
the  heat  applied,  sulphates  of  cobalt  and  nickel  dissolve. 
Sulphate  of  cobalt  requires  a  stronger  heat  for  decomposition 
than  sulphate  of  nickel  (Modum  in  Norway).  If  sufficient 
iron  is  not  present  to  fix  all  the  arsenic  acid,  insoluble 
arseniates  of  copper,  nickel,  and  cobalt  will  be  formed ;  and 
to  avoid  this  disadvantage  an  addition  of  calcined  sulphate 
of  iron  mixed  with  o'l  part  of  saltpetre  is  required.  It  is 
more  judicious  to  heat  the  well-roasted  speiss  with  an  ad- 
dition of  saltpetre  and  soda  to  extradl  the  arsenic,  to 
lixiviate  the  arseniate  of  soda  thus  formed,  to  treat  the 
residue  with  sulphuric  acid,  and  to  extradt  the  sulphates  of 
cobalt  and  nickel,  leaving  the  oxide  of  iron  in  the  residue 
(Joachimsthal).  Jung*  states  that  nickeliferous  cobalt  ores 
from  Siegen,  containing  arsenio-sulphides  of  cobalt  and 
nickel,  iron  pyrites  and  copper  pyrites,  behave  as  though  they 
had  been  roasted  ;  they  are  allowed  to  disintegrate  by  the 
operation  of  the  atmosphere,  with  an  addition  of  chloride  of 
calcium  and  urine  (for  facilitating  the  oxidation).  The 
resulting  arseniates  of  copper,  cobalt  and  nickel  are  trans- 
formed by  basic  sulphate  of  iron  into  vitriols,  which  may  be 
dissolved  out  by  water,  leaving  insoluble  arseniate  of  iron. 

For  the  extraction  of  arsenic,  Wohler  recommends  that 
the  substance  should  be  smelted  with  an  equal  weight  of 
sulphur,  and  three  times  its  weight  of  carbonate  of  potash, 
or  twice  its  weight  of  carbonate  of  soda,  afterwards 
lixiviating  out  the  formed  sulphates.  Patera  finds  it  eifedlive 
to  calcine  the  already  roasted  substances  with  an  addition 
of  some  carbonate  of  soda  and  soda-saltpetre,  and  to  lixi- 
viate out  the  formed  arseniate  of  soda  (Joachimsthal). 

Reagents  employed  to  extra(5t  Nickel  in  the  Wet  Way. 

These  reagents  must  be  as  cheap  as  possible.  The  follow- 
ing are  those  chiefly  used : — 

z.  Carbonate  of  Lime,  as  free  as  possible  from  iron,  is 
used  in  the  form  of  pulverised  chalk,  and  the  precipitation 

*  B.  u.  h.  Ztg.,  1861,  p.  394. 
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is  usually  commenced  with  it.  According  to  Stapff,* 
carbonate  of  lime  precipitates  at  the  common  tempera- 
ture from  a  solution  containing  oxides  of  iron,  copper, 
nickel  and  cobalt,  chiefly  hydrated  peroxide  of  iron,  with 
some  oxide  of  copper  and  a  little  hydrated  oxide  of 
cobalt ;  when  present,  acids  of  arsenic  are  also  completely 
precipitated  with  iron  as  arseniate  and  arsenite  of  iron, 
provided  the  iron  is  present  in  sufficient  quantity.  If  iron 
is  wanting,  chloride  of  iron  (made  of  calcined  iron-vitriol 
and  muriatic  acid)  must  be  added,  to  remove  the  acids  of 
arsenic.  The  temperature  being  raised  to  40°C.  and  above, 
the  carbonate  of  lime  after  a  longer  time  precipitates  the 
copper,  some  of  the  cobalt  and  nickel,  and  all  the  iron ;  if  a 
solution  of  a  sulphate  has  been  used,  a  nearly  pure  solution 
of  nickel  results,  containing  only  some  cobalt  and  gypsum. 
It  is  therefore  possible,  by  means  of  carbonate  of  lime,  when 
employing  it  at  different  temperatures,  and  precipitating 
fraftionally,  to  separate,  first  the  iron  and  arsenic,  and  after- 
wards the  copper,  from  nickel.  If  the  precipitation  takes 
place  at  boiling  heat,  some  peroxide  of  iron  will  be  kept  in 
solution  and  will  precipitate  during  cooling.  A  certain 
amount  of  protoxide  of  iron  contained  in  the  lime  will  remain 
in  solution,  unless  more  highly  oxidised  by  an  addition  of 
chloride  of  lime. 

Heusslert  has  ascertained  the  amounts  of  nickel  and 
copper  in  precipitates  obtained  by  fradtional  precipitations, 
as  follows : — 

a,  b*  c«  d» 

Ni  .     .     .     .       1-42        1*54        3*67        3'86  per  cent. 

Cu .     .     .     .     I2'30      12*44      13*44      13*44  P^r  cent. 

a,  precipitate  obtained  from  an  acid  solution  at  55"*  C, 
before  all  the  iron  had  been  precipitated ;  /&,  after  precipita- 
tion of  all  the  iron ;  c,  after  precipitation  of  all  the  iron  and 
copper,  at  a  temperature  raised  to  70**  C,  this  precipitate 
being  separated  the  solution  was  quickly  cooled;  d,  the  same, 
except  that  the  precipitate  was  obtained  by  a  slow  cooling. 

•  B.  u.  h.  Ztg.,  1858,  p.  399. 
t  Ibid,  i860,  p.  278. 
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a.  Solution  of  Chloride  of  Lime. — ^This  is  chiefly  em- 
ployed after  the  iron  has  been  precipitated  from  a  warmed 
solution  by  means  of  carbonate  of  lime ;  it  transforms  the 
protoxide  of  cobalt  to  sesquioxide  (COaOj),  and  precipitates  it 
completely  from  neutral  solution,  as  a  hydrated  oxide  of  a 
black  pr  olive  green  colour.  A  reddish  brown  tint  of  the 
precipitate  indicates  the  beginning  of  the  precipitation  of 
nickel.  In  order  to  obtain  pure  oxide  of  cobalt  the  pre- 
cipitation must  be  conducted  so  carefully  as  to  allow  some 
of  the  cobalt  to  remain  with  nickel ;  this  may  usually  be 
done  without  injuring  the  nickel. 

If  any  protoxide  of  manganese  is  present  unprecipitated  by 
carbonate  of  lime,  it  becomes  transformed  into  peroxide 
(MnOa)  by  the  chloride  of  lime,  and  is  precipitated  sooner 
than  oxide  of  cobalt ;  oxide  of  cobalt  containing  some 
manganese  may  first  be  separated  by  a  fractional  precipita- 
tion, afterwards  pure  oxide  of  cobalt,  and  finally  oxide  of 
nickel  (NiaOj)  with  a  small  proportion  of  cobalt. 

Iron  is  sometimes  precipitated  at  once  at  the  common 
temperature  by  a  solution  of  chloride  of  lime  mixed  with 
lime-water  (Louyet*s  method),  instead  of  carbonate  of  lime  ; 
but  this  plan  incurs  the  risk  of  precipitating  more  cobalt  and 
nickel  together  with  the  iron ;  as  much  chloride  of  lime 
only  should  be  applied  as  is  necessary  to  transform  protoxide 
of  iron  into  peroxide,  and  arsenious  acid  into  arsenic  acid. 

Upon  stirring  a  solution  of  cobalt  and  nickel  with  car- 
bonate of  baryta  or  carbonate  of  lime,  and,  at  the  same  time, 
introducing  chlorine  gas,  cobalt  becomes  precipitated  as 
black  oxide,  and  also  some  nickel  later  on.  The  precipitated 
oxide  of  cobalt  must  be  dissolved  in  muriatic  acid  to 
separate  it  from  admixed  carbonates ;  and  the  baryta 
separated  by  sulphuric  acid ;  the  cobalt  may  then  be  precipi- 
tated from  the  solution  by  carbonate  of  soda  or  caustic 
soda. 

3.  Lime  Water  is  used  for  the  precipitation  of  nickel,  or 
copper  and  nickel  at  the  same  time,  after  the  iron  and 
arsenic  have  been  extradled  by  carbonate  of  lime,  and  the 
cobalt  by  chloride  of  lime. 


Digitized  by  VjOOQIC 


REAGENTS    EMPLOYED   TO    EXTRACT   NICKEL.  575 

4.  Carbonate  of  Soda. — When  employing  the  before- 
mentioned  lime  compounds,  and  after  having  dissolved  in 
sulphuric  acid,  or  having  formed  sulphates  by  the  roasting 
of  matt,  there  will  always  be  retained  in  the  precipitate  of 
nickel  some  gypsum,  whose  extradlion  is  somewhat  com- 
plicated.. In  order  to  avoid  this  disadvantage,  carbonate  of 
soda,  although  more  expensive,  is  sometimes  used  to  effedl 
the  separation  of  the  metals  by  fractional  precipitations.  If 
carbonate  of  soda  is  added  in  small  quantities  to  a  boiling 
solution  of  peroxide  of  iron,  oxide  of  copper,  oxide  of  nickel, 
and  a  small  amount  of  oxide  of  cobalt,  and  continually 
stirred,  a  basic  salt  of  peroxide  of  iron  will  be  first  precipi- 
tated before  the  solution  becomes  neutral ;  then  a  mixture  of 
peroxide  of  iron  and  oxide  of  copper,  next  one  of  oxide  of 
copper  and  oxide  of  nickel,  and,  lastly,  pure  oxide  of  nickel 
with  some  oxide  of  cobalt ;  the  remaining  solution  usually 
contains  a  little  oxide  of  cobalt  with  a  trace  of  nickel.  If  acids 
of  arsenic  are  present  they  will  be  precipitated  in  com- 
bination with  the  peroxide  of  iron,  and  if  the  latter  oxide  is 
not  present  in  sufficient  quantity  arseniates  and  arsenites  of 
copper,  nickel,  and  cobalt  will  be  precipitated,  if  the  solution 
is  perfedlly  neutral.  An  excess  of  soda  has  a  solvent  adlion 
upon  the  precipitated  hydrated  basic  carbonates  of  cobalt, 
nickel,  and  copper. 

No  nickel  is  precipitated  with  the  copper  so  long  as  3  or 
4  per  cent  of  copper  is  contained  in  the  solution  of  nickel. 

5.  Sulphuretted  Hydrogen  Gas  is  sometimes  used  to  pre- 
cipitate copper,  lead,  antimony,  arsenic,  and  bismuth  from 
their  acid  solutions ;  but  as  the  separation  of  arsenic  and  iron 
may  be  efifedted  by  lime,  and  as  an  alloy  of  copper  and  nickel 
is  an  article  of  commerce,  sulphuretted  hydrogen  gas  is  usually 
only  applied  to  separate  lead  and  bismuth  when  imperfedtly 
extracted  by  carbonate  of  soda  or  carbonate  of  lime. 

6.  Iron  is  used  for  precipitating  copper. 

7.  Acid  Sulphate  of  Potash  is  sometimes  used  for  pre- 
cipitating nickel  from  solutions  containing  cobalt  ;  and 
nitrite  of  soda  is  employed  for  separating  cobalt  from 
solutions  containing  nickel. 
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When  precipitating  by  means  of  carbonate  of  soda  and  lime 
compounds  from  solutions  of  sulphates,  some  sulphates  of 
soda  and  lime  will  be  formed  which  cannot  be  completely 
washed  out  of  the  voluminous  precipitate  of  hydrated  oxide 
of  nickel,  and  which  will  introduce  an  injurious  amount  of 
sulphur  into  the  nickel,  during  its  subsequent  redudlion. 
To  avoid  this,  as  far  as  possible,  if  sulphate  of  soda  is 
present,  the  precipitate  of  nickel  is  dried,  heated,  pulverised 
and  washed  with  hot  water,  when  the  above-named  salt  will 
be  removed  without  much  difficulty.  In  case  gypsum  is 
also  present,  the  dried  precipitate  is  heated  with  an  excess 
of  carbonate  of  soda,  forming  carbonate  of  lime  and  sulphate 
of  soda.  The  sulphate  of  soda  is  then  washed  out  with 
water,  and  the  carbonate  of  lime  is  extracted  by  cold  dilute 
muriatic  acid,  by  which  only  traces  of  nickel  are  dissolved. 
Gypsum  is  sometimes  extradted  by  a  longer  washing  with 
water  containing  some  muriatic  acid. 

According  to  Kiinsel,  vessels  for  holding  strongly  acid 
solutions  are  judiciously  coated  with  Zeiodolite,  a  mixture  of 
one  part  of  sulphur  and  two  parts  of  finely  divided  sand. 

Illustrations  of  the  process  of  extra(5ling  Nickel  from 
Speiss  or  Arsenical  Ores. 

Erdmann's  older  method*  consists  in  roasting  the  speiss 
with  coal,  dissolving  in  muriatic  acid,  and  precipitating 
chloride  of  bismuth  by  means  of  water;  a  solution  of  chloride 
of  iron  is  next  added  and  boiled,  whilst  gradually  adding 
lime  water,  and  so  precipitating  arsenite  of  iron  and  lime ; 
this  precipitation  is  arrested  if  the  filtrate  appears  bluish 
green  instead  of  yellowish  green,  and  if  the  precipitate  pro- 
duced by  an  addition  of  potash  solution,  yields  infusible 
spongy  nickel  by  fusion  with  borax  and  charcoal.  The 
nickel  is  then  precipitated  by  lime  water  from  the  filtrate, 
and  the  precipitate  dried  and  heated  with  coal  (page  568). 

Louyefs  Methodf,  as  practised  in  Birmingham. — The  roasted 
speiss  is  dissolved  in  muriatic  acid ;  the  oxidised  iron  coiii- 

*  Erdm.  J.  f.  pr.  Ch.,  vii.,  24S. 

t  B.  K.  Il  Ztg.,  1849,  p.  80a     Ekdk.,  J.  r  pr.  Ch.,  Bd.,  46,  p.  244. 
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bined  with  arsenic  acid,  precipitated  at  the  common  tempera- 
ture by  an  addition  of  lime  water,  and  chloride  of  lime  ; 
bismuth  and  copper  are  precipitated  from  the  acid  filtrate  by 
sulphuretted  hydrogen  gas  ;  the  cobalt  contained  in  the  solu- 
tion is  precipitated  at  a  higher  temperature  by  chloride  of 
lime,  and,  finally,  the  nickel  by  lime  water.  Many  other 
methods  are  based  upon  this  one,  which  was  formerly  used 
in  Joachimsthal*  and  in  Siegen.t 

Ruolz^s  Methodl. — Nickel  speiss  is  smelted  with  an  admix- 
ture of  20  per  cent  of  saltpetre  and  loo  per  cent  of  fluor  spar, 
for  the  scorification  of  cobalt.  The  residue  is  roasted  and 
dissolved  in  sulphuric  acid.  The  iron  is  then  oxidised  by 
introducing  chlorine  gas,  precipitated  at  the  boiling  heat  by 
carbonate  of  lime,  and  the  nickel  thrown  down  by  carbonate 
of  soda.  The  nickel  precipitate  is  dissolved  in  muriatic  acid, 
diluted  with  water,  saturated  with  chlorine  gas,  and  car- 
bonate of  baryta  is  added  in  excess  for  the  perfect  separation 
of  the  iron.  The  nickel  may  be  precipitated  from  this  solu- 
tion after  cooling  either  in  the  usual  manner  as  an  oxide,  or 
as  metal  by  the  galvanic  current. 

Thompson  II  has  based  a  mode  of  separating  nickel  from 
cobalt  upon  the  fadl  that  oxide  of  cobalt,  in  the  presence  of 
lime,  is  precipitated  by  carbonate  of  ammonia  while  nickel 
remains  in  solution. 

Nitrite  of  potash§  is  a  suitable  reagent  for  separating 
nickel  from  cobalt  on  a  large  scale,  as  it  avoids  the  incon- 
veniences of  the  application  of  lime  in  the  wet  way.  A 
concentrated  solution  of  nitrite  of  potash  is  added  to  a 
neutral  and  concentrated  solution  of  nitrate  or  sulphate  of 
cobalt  and  nickel,  then  some  acetic  or  nitric  acid,  until 
the  solution  becomes  somewhat  acid,  when  the  cobalt  is 
gradually  but  almost  completely  precipitated  as  a  yellow 
powder,  consisting  of  double  nitrite  of  cobalt  and  potash, 
which  is  heated,  and  the  nitrate  of  potash  formed  washed  out. 

•  B.  u.  h.  Ztg.,  1856,  p.  122. 

t  Ibid.,  1861,  p.  394. 

J  Ibid.,  1862,  p.  311.  Polyt.  Ccntr.,  1855,  p.  282. 

II  Dingl.,  Bd.  148,  p.  206. 

§  Fogg.  Ann.,  Bd.  85,  p.  496.     Erdm.,  J.  f.  pr.  Ch.,  Bd.  58,  p.  185. 
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Some  nickel  containing  a  little  cobalt  may  be  precipitated 
from  the  filtrate  by  carbonate  of  or  caustic  soda. 

Cloez's  Method.* — ^The  roasted  speiss  is  dissolved  in  con- 
centrated muriatic  acid,  and  bi-sulphite  of  soda  added  to 
convert  the  arsenic  acid  into  arsenious  acid.  Arsenic,  anti- 
mony, copper,  lead,  and  bismuth  are  then  precipitated  by  sul- 
phuretted hydrogen  ;  iron  and  cobalt  in  solution  are  oxidised 
by  chlorine  and  precipitated  by  carbonate  of  lime  or  carbonate 
of  baiyta.  The  excess  of  lime  or  baryta  is  removed  by  sul- 
phuric acid,  and  the  nickel  precipitated  by  an  alkaline  car- 
bonate. 

More  recent  Method  at  Joachitnsthal. — Roasted  speiss  (page 
565)  is  heated  with  carbonate  of  soda  and  soda  saltpetre  in 
a  reverberatory  furnace,  and  the  formed  arseniate  of  soda 
extradled.  The  remaining  oxides  of  iron,  copper,  nickel,  and 
cobalt  are  moistened  with  sulphuric  acid,  allowed  so  to 
remain  for  some  time,  and  then  heated  in  a  reverberatory 
furnace.  The  mass  is  then  lixiviated,  by  which  cobalt, 
nickel,  and  copper  are  dissolved,  whilst  oxide  of  iron  remains. 
As  the  iron  retains  some  nickel  and  cobalt,  it  is  repeatedly 
moistened  and  heated  with  sulphuric  acid  till  it  is  free  from 
cobalt,  which  is  easily  ascertainable  by  the  blowpipe.  The 
solution  being  acidified  with  sulphuric  acid  is  treated  with 
sulphuretted  hydrogen  gas  to  precipitate  the  copper;  this 
is  filtered  off,  and  acid  sulphate  of  potash  is  added  to  the 
solution,  precipitating  double  sulphate  of  nickel  and  potash, 
which  is  only  slightly  soluble ;  very  little  cobalt  is  precipitated. 
The  cobalt  remaining  in  solution  is  nearly  free  from  nickel, 
and  may  be  precipitated  by  carbonate,  phosphate,  or  arseniate 
of  soda.  Black  oxide  of  cobalt  is  formed  by  gently  heating 
the  carbonate. 

Treatment  of  Cobalt  Ores  at  Modum. — The  cobalt  ores  from 
Skutterud  (speiss  cobalt  and  glance  cobalt)  are  treated  at 
Modum  in  Norway  for  the  produftion  of  oxide  of  cobalt  and 
zaffre.  The  dressed  ores  (rich  and  poor  mixed  together)  are 
roasted  in  the  form  of  schlich  ;  the  pulverised  mass  is  then 
treated  with  sulphuric  acid,  boiled  till  dry,  and  freed  from 

*  DiNGL.,  Bd.  148,  p.  206. 
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the  surplus  acid  in  a  roasting  furnace.  The  roasted  mass  is 
next  stirred  with  water  in  wooden  vessels,  and  heated  to  its 
boiling  point  by  steam  ;  the  basic  sulphate  of  iron  formed  by 
the  roasting  process,  and  also  any  earthy  substances,  then 
sink  to  the  bottom.  The  liquid  is  tapped  off  into  vessels 
standing  upon  a  lower  terrace,  again  heated,  and  enough 
carbonate  of  soda  is  added  to  precipitate  all  the  iron  and 
copper  and  a  small  quantity  of  cobalt.  The  filtered  solution 
is  heated  for  a  third  and  last  time,  and  all  its  cobalt  precipi- 
tated by  carbonate  of  soda.  The  precipitate  is  filtered, 
washed,  pressed,  and  strongly  heated  in  clay  crucibles ;  the 
resulting  per-  and  prot-oxide  of  cobalt  are  finely  pulverised. 
One  lb.  of  the  oxide  consumes  about  6  lbs.  of  sulphuric  acid, 
3^^  lbs.  of  soda,  and  i6  cubic  feet  of  wood. 

The  first  precipitate,  containing  a  little  cobalt  and  very 
poor  schlich,  is  used  for  the  production  of  zaffre.  For  this 
purpose  it  is  first  smelted,  producing  a  speiss  containing 
about  30  per  cent  of  cobalt ;  this  is  then  submitted  to  a  further 
treatment. 

Illustrations  of  the  Processes  for  the  Produ(5lion  of 
Nickel  from  Matt. 

Stapff's  Method  at  Klefva.* — The  nickel  matt  is  roasted 
either  by  itself  or  with  sulphuric  acid,  then  extradted  with 
water,  and  the  residue  treated  with  warm  dilute  sulphuric 
acid,  by  which  the  reactions,  explained  on  page  571,  are 
induced.  The  solutions  are  then  decomposed  by  fradtional 
precipitations  with  soda  (page  573).  The  different  opera- 
tions of  this  method  are  as  follows : — 

I.  Roasting  the  matt  by  itself,  afterwards  with  sulphate  of 
iron  and  sulphuric  acid. 

II.  Lixiviation  of  the  roasted  matt. 
I.  With  water,  which  yields — 

A.  Residue  (2). 

B.  Solution  ;  an  addition  of  carbonate  of  soda  yields — 
a.  A  cupriferous  precipitate  containing  all  the  iron 

(3B). 

•  B.  u.  h.  Ztg.,  1858,  p.  377 ;  1859,  p.  097. 
2  P  2 
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b.  Solution  of  nickel,  to  which  carbonate  of  soda  is 
added,  thus  precipitating  basic  hydrated  carbonate 
of  nickel  contaminated  with  Glauber's  salt ;  it  is 
dried,  pulverised,  heated,  and  boiled  with  water,  and 
yields — 
a.  Pure  oxide  of  nickel,  which  is  reduced  with  flour 

to  cubic  nickel,  and. 
13.  Solution  of  Glauber's  salt,  which  is  boiled  down 

for  the  produftion  of  Glauber's  salt. 
2.  With  dilute  sulphuric  acid,  yielding — 

A.  Residue,  used  as  cobalt  ore  for  colouring  purposes. 

B.  Acid  solution,  which  is  used  together  with  dilute  acid 
for  dissolving  iB  a.  It  is  afterwards  boiled  with  iron, 
yielding — 

■    a.  Cement  copper,  which  is  dried  and  refined,  and 
b.  A  solution  of  sulphate  of  nickel  and  iron,  which  is 
boiled  down  for  the  produdlion  of  vitriol ;  this  vitriol 
is  freed  from  its  water  and  added  to  i. 
Method  at  Dillenburg* — The  concentrated  matt  is  perfeftly 
roasted  for  nine  hours  in  quantities  of  300  lbs.,  and  the  caked 
parts  sifted  off.    The  roasted  mass,  in  quantities  of  100  lbs., 
is  then  stirred  with  water  at  60"*  C,  mixed  with  an  equal 
quantity  of  muriatic  acid  of  22°  or  23**  B.     From  60  to  63  per 
cent  of  matt  is  dissolved  after  the  residues  have  been  three 
times  extradled ;  but  little  peroxide  of  iron  is  dissolved,  and 
copper  and  nickel  in  about  the  proportion  of  7  to  3.     Most 
of  the  iron,  a  little  oxide  of  copper,  and  a  great  deal  of  oxide 
of  nickel,  remain  in  the  residue. 

a.  Produ(5lion  of  Nickel-Copper  from  the  Solution. 
— Oxide  of  nickel,  hydrated  oxide  of  copper,  and  some 
hydrated  oxide  of  iron  are  precipitated  by  lime  water,  pressed 
in  canvas  bags,  dried,  ground,  and  sifted.  The  precipitate 
contains  about  8  per  cent  of  gypsum,  which  is  washed  out 
by  decantation  with  water  containing  some  muriatic  acid  ;  for 
this  purpose  140  lbs.  of  ground  precipitate  are  washed  in  a 
tub  four  times  daily,  each  time  with  4  lbs.  of  muriatic  acid. 
After  four  days  of  this  treatment  only  about  o'3  per  cent  of 
sulphur  remains.      The   washing  water  contains   a  small 

•  B.  u.  h.  Ztg.,  i860,  p.  277  ;  1864,  p.  58.     Waoner*s  Jahrbcr.,  1858,  p.  139, 
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amount  of  oxide,  and  is  mixed  with  lime  water,  and  the 
resulting  precipitate  used  to  neutralise  the  acid  solutions. 
The  oxides  of  copper  and  nickel  liberated  from  gypsum  are 
dried  and  reduced  to  metal  in  a  properly  construdted  hearth 
with  two  tuyeres,  by  which  the  lime  and  nearly  all  the  iron 
combine  with  silica,  forming  a  slag.  The  produced  metal 
sold  in  this  state  contains  73  per  cent  of  nickel  and  only 
o*i6  per  cent  of  iron. 

b.  Produ(5tion  of  Metallic  Nickel  from  the  Residue. — 
The  residue  rich  in  nickel  and  poor  in  copper  is  formed  into 
a  paste,  with  water  and  mixed  with  some  sulphuric  acid  of 
66°  B.,  which  causes  the  mass  to  become  very  hot.  It  is 
then  extracted  with  hot  water,  the  residue  re-roasted,  and 
treated  with  sulphuric  acid.  The  resulting  solution  containing 
nickel,  copper,  and  some  iron  is  neutralised  by  the  above 
mentioned  precipitate  of  copper  and  nickel,  and  heated  to 
55°  C.  Finely  divided  carbonate  of  lime  is  now  added,  one 
spoonful  after  another,  and  continually  stirred  till  the  sepa- 
ration of  iron  is  perfedl,  which  may  be  ascertained  by  trying 
a  sample  with  yellow  prussiate  of  potash  ;  but  much  copper 
and  some  nickel  are  thrown  down  along  with  the  iron.  To 
precipitate  the  copper  completely  the  solution  is  heated 
up  to  70°  C.  without  an  addition  of  lime,  and  stirred  till 
prussiate  of  potash  ceases  to  show  any  readlion  of  copper. 
Analyses  prove  that  most  nickel  (3  or  4  per  cent)  is  precipi- 
tated at  the  last  period  of  the  copper  precipitation,  and  in 
an  increased  quantity  the  more  copper  there  is  present ;  it 
is,  therefore,  judicious  to  extradt  as  much  copper  as  possible 
by  muriatic  acid  at  the  first  treatment  of  the  matt.  After  being 
several  times  washed  and  formed  with  water  to  a  thin  paste, 
the  precipitate  (page  573)  is  treated  with  some  muriatic  acid 
(so  dissolving  copper  and  nickel  and  some  little  iron,  which 
last  is  precipitated  by  the  excess  of  hydrated  oxide  of  copper), 
and  copper  and  nickel  are  precipitated  from  the  solution  by 
lime  water;  the  precipitate  is  used  for  the  produdlion  of 
nickel-copper  (page  580). 

Hydrated  oxide  of  nickel  is  precipitated  by  lime  water 
from  the  chief  solution  of  nickel  in  sulphuric  acid,  filtered, 
pressed,  dried,  and  heated  for  several  hours  in   order  to 
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render  the  grey  oxide  of  nickel  formed  as  nearly  insoluble  in 
acids  as  possible.  It  is  then  ground,  and  its  gypsum  (about 
15  per  cent)  extradled  by  a  treatment  for  about  four  days 
with  water  acidified  by  muriatic  acid.  The  oxide  of  nickel  free 
from  gypsum  is  then  formed  into  cubes  and  reduced  to  metal, 
by  heating  with  coal  dust  for  about  three  hours  at  a  white  heat. 
The  last  residues  from  the  extraction  with  acid  are  smelted 
for  the  produdlion  of  black  copper  and  copper  matt.  This 
matt,  containing  40  per  cent  of  copper,  is  roasted  and  smelted 
for  the  produdlion  of  black  copper,  which  requires  at  its 
refining  an  addition  of  lead  to  extra(5t  its  nickel  (about  5  per 
cent). 

Illustrations  of  the  Process  for  the  £xtra(5lion  of  Nickel 
from  Refined.  Copper  and  Impure  Nickel. 

At  Gottesbelohnungshiitte,*  in  Mansfeld,  copper  produced 
from  the  residues  of  the  copper  refinery  process,  containing 
63  per  cent  of  copper,  26  per  cent  of  nickel,  and  10  per  cent  of 
lead,  is  granulated  and  treated  with  dilute  sulphuric  acid  with 
an  admission  of  air,  thus  producing  sulphates  of  copper  and 
nickel,  which  are  separated  as  much  as  possible  by  crystallisa- 
tion ;  an  alloy  of  copper  and  nickel  is  produced  from  the  con- 
centrated sulphates  of  copper  and  nickel.  Fourteen  lead  pans, 
each  3  feet  long,  2  feet  broad,  and  3  inches  deep,  are  placed 
on  terraces  one  below  another,  and  each  half  filled  with 
granulated  copper  (9  cwts.) ;  hot  chamber  sulphuric  acid  is 
then  poured  into  the  uppermost  pan,  and  tapped  off  after 
two  hours  into  the  next  pan,  and  so  on.  Copper  and  nickel 
then  become  oxidised  by  the  admitted  air,  and  gradually 
saturate  the  acid.  The  slime  colledling  on  the  bottom  of  the 
pans  consists  chiefly  of  sulphate  of  lead,  and  is  strained  off 
from  time  to  time  to  separate  it  from  the  undissolved  granu- 
lated copper. 

The  solution  is  condudled  from  the  lowest  pan  into  a 
reservoir  for  clarifying,  and  is  raised  thence  by  a  pump  into 
a  heating  pan  capable  of  containing  70  cubic  feet  of  liquid ; 
it  is  here  boiled  down  to  40^*  or  42°  B.,  and  made  to  crystallise. 


p 


•  B.  u.  h.  Ztg.,  1859,  p.  371 ;  i860,  p.  501 ;   i86i,  p.  67 ;  1862,  p.  160 ;  1864, 
59. 
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100  cubic  feet  of  solution  yield  about  5  tons  of  copper 
vitriol,  and  65  per  cent  of  mother  liquid.  This  liquid  is 
further  boiled  down  to  f  or  8**  B.  for  the  purpose  of  crystal- 
lising sulphates  of  copper  and  nickel.  One  cwt.  of  granulated 
copper  yields  187  cubic  feet  of  raw  liquid,  containing  i'8i 
cwts.  of  copper  vitriol,  and  0*87  cwt.  of  nickel  vitriol. 

The  sulphates  of  copper  and  nickel  are  calcined  in  a  small 
roasting  furnace  with  two  hearths,  one  above  the  other ;  the 
sulphates  are  extradled,  and  the  residue  (chiefly  oxide  of 
copper  and  nickel)  is  reduced  with  coal  in  Sefstrom's  furnace. 
The  resulting  alloy  is  submitted  to  a  smelting  with  coke  on 
a  small  refinery  hearth  furnished  with  two  tuyeres  and  a 
sole  of  plumbago,  producing  an  alloy  containing  50  per  cent 
of  nickel  and  40  per  cent  of  copper ;  it  also  contains  sulphur, 
from  which  it  is  with  difiiculty  liberated  by  a  repeated  roast- 
ing with  soda. 

Method  of  purifying  Nickel. — According  to  Ruolz,* 
nickel  is  dissolved  in  aqua  regia,  or  in  dilute  sulphuric  acid, 
in  a  platinum  vessel ;  chlorine  gas  is  condudled  into  the 
solution,  the  iron  precipitated  at  a  boiling  heat  by  carbonate 
of  lime,  and  afterwards  the  nickel  by  soda.  As  the  nickel  still 
retains  some  iron,  the  precipitate  is  re-dissolved  and  diluted 
with  water.  The  iron  is  then  oxidised  by  introducing  chlorine 
gas,  and  separated  by  carbonate  of  baryta.  The  nickel  may 
be  preciptated  from  the  purified  solution  either  by  soda  or 
by  lime  water.  The  separation  of  nickel  by  a  galvanic  cur- 
rent! has  been  also  recommended. 

DevilleJ  dissolves  commercial  nickel  in  muriatic  acid, 
boils  it  down  till  dry,  dissolves  it  in  water,  by  which  means 
oxide  of  iron  remains  undissolved ;  copper,  arsenic,  &c.,  are 
precipitated  from  the  dilute  solution  by  sulphuretted  hydrogen 
gas,  and  nickel  from  the  concentrated  solution  by  oxalic  acid. 
The  oxalate  of  nickel  is  heated  with  the  air  excluded,  and, 
smelted  in  a  lime  crucible.  The  resulting  nickel  contain^ 
99*6  per  cent  of  nickel,  0*3  per  cent  of  silicium,  and  o'l  per 
cent  of  copper. 

•  B.  u.  h.  Ztg.,  1862,  p.  311. 

f  Ibid,  1862,  p.  440. 

%   Polyt.  Centr.,  1858,  p.  1302. 
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CHAPTER    X. 
ARSENIC. 

PRINCIPAL  ORES  OF  ARSENIC* 

This  metal  occurs  native  in  veins,  in  crystalline  rocks, 
and  in  older  schists;  it  is  found  as  an  oxide,  and  also 
combined  with  sulphur.  Arsenic  is  associated  with  a  great 
many  metallic  ores ;  but  in  this  country  it  is  chiefly  extra<5ted 
from  tin  ores.  Arsenical  cobalt  is  the  chief  source  of  arsenic 
on  the  Continent. 

The  following  are  the  principal  arsenic  ores  : — 

I.  Native  Arsenic,  sometimes  containing  more  or  less 
iron,  cobalt,  nickel,  antimony,  and  silver,  and  changing  into 
Arsenical  Antimony,  SbAsxg,  containing  92*03  per  cent  of 
arsenic.  It  is  found  in  the  silver  mines  of  Freiberg, 
Annaberg,  Marienburg,  Schneeberg,  Joachimstahl  in  Bohe- 
mia, Andreasberg  in  the  Hartz,  Kopnip  in  Transylvania, 
Orawitza  in  the  Banat,  Kongsberg  in  Norway,  Zimeoff  in 
Siberia,  in  Alsace,  and,  according  to  Dana,  at  Haverhill, 
New  Haven  in  the  United  States. 

It  is  sold  either  in  the  state  in  which  it  comes  from  the 
mine,  or,  in  some  cases  it  is  transformed,  by  roasting,  into 
volatile  arsenious  acid,  for  instance,  if  it  contains  a  certain 
amount  of  silver  (Andreasberg),  or  if  it  is  disseminated  in 
other  ores. 

•  V.  Dechen,  Statistik  d.  zoUv.  Deutchl.,  i.,  774.  Uke's  Didionary  of  Arts, 
&c.,  i.,  194. 
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2.  Arsenical  Pyrites  (Mispickel),  FeS,  +  FeAs,  con- 
taining 34'4  per  cent  of  iron,  46*0  per  cent  of  arsenic,  and 
19*6  per  cent  of  sulphun  It  occurs  in  veins,  beds,  and 
disseminated  in  gneiss,  mica  slate,  and  serpentine,  together 
with  tin  ore,  wolfram,  iron  pyrites,  fluor  spar,  &c.,  in  the 
Bohemian  and  Saxon  Erzgebirge,  at  Reichenstein,  &c. 

Arsenical  pyrites  of  the  composition  Fe4As3,  containing 
32'2  per  cent  of  iron  and  66*8  per  cent  of  arsenic,  occurs  at 
Reichenstein  in  Silesia  in  beds,  and  disseminated  in  serpen- 
tine and  granular  limestone.  It  contains  9  per  cent  of 
mispickel.  Arsenical  pyrites  of  the  composition  FeAs,  con- 
^'  taining  72*84  per  cent  of  arsenic,  occurs  at  Reichenstein, 

Schladming,  Andreasberg,  &c. ;  sometimes  it  also  contains 
gold  (Reichenstein,  Ribas). 

The  metallic  ores  containing  arsenic,  chiefly  cobalt,  nickel, 
and  tin  ores,  are  not  mined  for  their  arsenic,  but  this  is 
produced  from  them  as  a  by-produ<5t. 

I  SYNOPSIS    OF    PROCESSES    FOR    THE     EXTRACTION    OF 

^  ARSENIC  FROM  ITS  ORES,  AND  FOR  THE  PRODUCTION 

OF  ITS  CHIEF  CHEMICAL  COMBINATIONS. 

Besides  metallic  arsenic,  arsenious  acid,  and  sulphides  of 
arsenic  (realgar,  orpiment),  are  chiefly  used  for  technical 
purposes. 

The  produdlion  of  these  substances  is  based  upon  the  great 
volatility  of  arsenic  and  its  combinations  with  oxygen  and 
sulphur,  but  at  the  same  time  this  volatility  constitutes  one 
of  the  practical  difficulties  of  the  production. 

Metallic  arsenic  volatilises  at  180**  C,  arsenious  acid  at 

185**  C,  and  sulphide  of  arsenic  at  a  red  heat.     Realgar  is 

easier  to  fuse  than  orpiment,   and  orpiment  again  easier 

,  than  arsenious  acid.     When  heated,  metallic  arsenic  is  at 

once  transformed  into  gas. 

I.  Produ(5tion  of  Metallic  Arsenic* 

According  to  Berzelius,*  metallic  arsenic  occurs  in  two 
allotropic  modifications.     One  of  them.  As,,  is  produced  by 

•  Pooo.  Ann.,  Bd.  61,  p.  7. 
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strongly  heating  arsenic,  or  by  subliming  it  in  vessels,  in  the 
receivers  of  which  the  sublimate  is  kept  at  a  temperature 
nearly  as  high  as  that  required  for  volatilising  arsenic.  This 
arsenic,  deposited  in  an  atmosphere  of  arsenical  gas,  is  nearly 
white,  of  metallic  lustre,  in  crystalline  scales,  and  oxidising 
but  slightly  in  the  atmosphere  even  at  a  temperature  above 
80°  C. ;  it  is  sold  on  the  Continent  by  the  name  of  fly  powder. 
It  is  produced  by  avoiding  the  use  of  too  large  receivers,  and 
by  not  cooling  them  too  much. 

The  other  variety,  Asa,  is  produced  by  volatilising  arsenic 
in  presence  of  another  heated  gas  (carbonic  acid  or  oxide) 
and  colledling  the  metal  in  the  less  strongly  heated  parts  of 
the  apparatus.  This  arsenic  is*brystalline,  and  of  an  iron 
grey  colour,  oxidising  easily  in  the  air,  more  so  at  a  high 
temperature.  It  is  called  grey  arsenic,  and  is  mostly  used 
again  in  the  arsenic  smelting  works  for  the  produftion  of 
coloured  arsenic  glass,  &c.,  its  state  of  aggregation  rendering 
it  more  iit  for  such  purposes  than  Asx. 

Metallic  arsenic  is  but  little  used,  and  is  produced — 
a.  From   arsenical    pyrites,   FeSa  +  FeAs,   and   Fe4As3, 
which,  at  a  high  temperature  and  exclusion  of  air,  give  up 
the  metal,  either  entirely : — 

FeSa  +  FeAs  =  2FeS  +  As, 
or  partially : — 

Fe^ASa  =  Fe^As  +  2As. 

The  last  particles  of  arsenic  in  the  latter  pyrites  cannot  be 
expelled  either  by  sublimation  or  by  a  roasting  process. 
At  Reichenstein  this  is  a  disadvantage  in  working  the 
residues  for  the  extra<5tion  of  their  gold.  A  certain  amount 
of  sulphur  is  extradled  by  an  addition  of  carbonate  of  potash 
or  burned  lime  (method  in  Reichenstein  and  Spain). 
Arsenical  pyrites  of  the  composition  FeSa  +  FeAs,  if  heated 
without  the  admission  of  air,  yields  at  first  a  red  sublimate, 
but  afterwards  loses  the  whole  of  its  arsenic. 

6.  From  arsenious  acid,  by  heating  it  with  an  admixture 
of  coal,  without  the  admission  of  atmospheric  air. 

Pyrites  allows   only  a  limited  production,  and  is  more 
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expensive  to  work  than  arsenious  acid,  but  its  produdl  is  of 
great  purity  and  beauty  (As,) ;  if  these  qualities  are  of  no 
importance,  chiefly  if  it  is  immaterial  whether  the  arsenic 
contains  arsenious  acid  or  not,  it  is  better  to  produce  it  from 
arsenious  acid ;  the  resulting  arsenic  (As^)  is  friable  and 
appears  blackish  grey,  and  an  intimate  admixture  of  arsenious 
acid  is  observable. 

Metallic  arsenic  is  produced  in  gallery  furnaces,  i,e.^ 
apparatus  in  which  vessels  for  sublimation  (tubes,  retorts) 
lie  in  rows  one  above  another  over  a  fire-grate.  These 
vessels  exert  an  essential  influence  upon  the  yield ;  they  must 
be  capable  of  resisting  the  influence  of  the  fire,  strong  enough 
to  bear  the  weight  of  the  ore  charge,  and  sufficiently  dense 
to  prevent  any  escape  of  arsenic  vapour  by  the  pores. 
They  are  best  manufactured  of  an  admixture  of  i  part  fresh 
clay,  and  2  parts  old  bricks  or  retorts  ground  and  coated 
with  a  mixture  of  loam,  blood,  calves'  hair,  forge  scales,  and 
alum ;  or  they  may  be  glazed  by  being  sufficiently  dried, 
brushed  with  a  paste  of  burned  and  raw  clay,  or  with 
pulverised  quartz,  and  then  burned. 

The  retorts  being  charged  with  ore,  a  spirally  rolled  iron 
plate  for  colledting  the  arsenic  is  placed  in  each  of  their 
mouths,  and  receivers  fixed  to  them  and  luted. 

The  sublimation  vessels  are  covered  by  an  arched  roof 
furnished  with  flues,  which  serve  for  regulating  the  fire. 
The  duration  of  an  operation  can  only  be  judged  by  ex- 
perience; after  each  operation,  the  furnace  is  allowed  to 
cool,  the  receivers  are  removed,  and  the  iron  plates  carefully 
straightened  to  avoid  injury  to  the  arsenic  which  has 
deposited  on  them. 

If  the  retorts  are  too  wide  and  too  short,  a  great  deal  of 
grey  arsenic,  with  arsenious  acid  and  suboxide  of  arsenic,  are 
produced,  as  wide  tubes  contain  too  much  atmospheric  air, 
and  in  short  tubes  the  arsenic  vapour  passes  through  the 
spiral  iron  plate  into  the  receiver  filled  with  atmospheric  air, 
and  there  becomes  partly  oxidised.  If  the  retorts  are  kept 
too  cool,  pulverulent  arsenic  is  formed. 
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Illustrations  of  the  Produ<5lion  of  Metallic  Arsenic. 

At  Reichenstein  in  Silesia,*  two  sorts  of  arsenical  pyrites^ 
occurring  in  serpentine,  are  worked.  They  are  composed  as 
follows : — 

Fe.  As.  S.  Gangue. 

3i"5i  65*61  I'og  1*04 

33*o8  45-92  19-26  1-97 

The  mine  produces  three  kinds  of  ore,  namely,  almost  pure 
ore,  yielding  45  per  cent  of  arsenious  acid;  impure  ore 
yielding  20  per  cent ;  and  small  ore  yielding  24  per  cent  of 
arsenious  acid.  These  ores  are  pounded  and  washed  sepa- 
rately, and  the  resulting  schlich  of  the  three  sorts,  mixed 
together,  yields  on  an  average  30  per  cent  of  arsenious  acid. 

The  furnaces  for  working  these  ores  have  twenty-six  tubes 
or  retorts  of  from  26  to  28  inches  in  length,  and  5  inches  in 
diameter;  they  are  provided  with  receivers  resting  upon 
supports.  The  rolled  iron  plate  is  placed  between  each 
tube  and  receiver  in  such  a  manner  as  to  projedl  4  inches 
in  the  tube  as  well  as  in  the  receiver.  Thirteen  of  the 
twenty-six  glazed  tubes  lie  on  each  side,  seven  in  the  lowest 
row  and  six  above  in  the  intermediate  spaces ;  the  receivers 
are  provided  in  front  with  a  small  door  of  iron  plate,  which 
is  kept  closed  till  towards  the  end  of  the  operation,  when  an 
observation  of  the  tube  is  necessary.  The  furnace  roof  is 
provided  with  openings  for  the  escape  of  the  fume  and  the 
flame.  The  receivers  are  only  fixed  to  the  tubes  after  the 
first  firing,  and  when  arsenic  vapour  begins  to  be  evolved.  The 
furnace  is  charged  with  5  cwts.  of  coarse  schlich,  and  yields 
in  ten  hours  about  100  lbs.  or  20  per  cent  of  arsenic,  90  per 
cent,  of  which  is  sold  as  fly  powder,  and  10  per  cent  as 
arsenic  powder. 

The  produdlion  of  arsenic  here  is  not  so  profitable  as  the 
richness  of  the  ore  would  lead  one  to  anticipate,  but  it  is 
only  possible  to  expel  20  per  cent  of  the  arsenic  by  a  high 
temperature,  and  the  remaining  part  is  not  expelled  even  by 
a  roasting  process.     It  is  therefore  difiicult  to  extradt  the  gold 

•  Karst.,  Met.,  iv.,  582,  584.   Ann.  d.  min.,  4  s^r.,  xi.,  i  livr.,  1847,  P*  77" 
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from  the  residue  (vide  Gold),  and  the  yield  is  injured.  This 
is  also  the  case  with  the  residues  of  the  production  of  realgar. 
At  Ribas,  in  the  Spanish  province  of  Catalonia,*  massive 
arsenical  pyrites  with  disseminated  grey  quartz  is  treated  in 
quantities  of  8  or  g^  cwts.  in  the  furnaces  represented  by 
Figs.  171,  and  172.    The  twenty-two  tubes  a,  a,  are  27  inches 

Fig.  171. 
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Fig.  172. 


long,  and  7  inches  in  diameter ;  6,  are  the  receivers ;  c,  the 
flues ;  and  d,  the  grate.  One  charge  is  heated  for  nine  hours, 
with  a  consumption  of  200  pieces  of  turf,  and  about  4  cubic 
feet  of  coal,  producing  2  cwts.  of  metal. 

At  Altenberg  in  Saxony,  +  a  mixture  of  i  cwt.  of  arsenious 
acid  with  about  ^  a  cubic  foot  of  powdered  charcoal  is  sub- 
mitted to  reduftion  and  sublimation  in  iron  pots.  One  cwt. 
of  arsenious  acid  consumes  about  8  cubic  feet  of  coal  in 
lumps  and  3^  cubic  feet  of  small  coal. 


•  B.  u.  h.  Ztg.,  1853,  p.  764.    • 
f  Dumas,  Angew.  Chem.,  iv.,  n 


Digitized  by  VjOOQ IC 


590  ARSENIC. 

II.   PRODUCTION  OF  ARSENIOUS  ACID,  (WHITE  ARSENIC, 
ARSENIC  GLASS). 

Arsenious  acid  (AsOj,  containing  75'8i  per  cent  of  arsenic 
and  14*19  per  cent  of  oxygen)  is  usually  produced  as  a  by- 
produdl  when  roasting  arsenical  silver,  tin,  copper,  cobalt* 
and  nickel  ores  (Cornwall,  Saxony,  Andreasberg  on  the 
Hartz) ;  it  is  seldom  produced  from  arsenical  pyrites 
(Reichenstein). 

The  following  are  the  principal  operations  required  for  the 
production  of  arsenious  acid : — 

I.  The  Produ(5tion  of  Pulverulent  Arsenious  Acid 
(Giftmehl)  by  Roasting  Arsenical  Substances. — The  con- 
struftion  of  the  roasting  furnaces  employed  has  great 
influence  upon  the  quality  of  the  produdl.  Common  roasting 
furnaces,  in  which  the  flame  of  the  fuel  comes  into  contadl 
with  the  roasting  mass,  yield  a  produdl  contaminated  with 
carbonaceous  substances,  causing  the  redudlion  of  some 
of  the  arsenious  acid  at  the  subsequent  resublimation,  and 
consequently  a  soiling  of  the  arsenic  glass  by  metallic 
arsenic.  Furnaces  for  this  purpose  are  construdled  like 
mufiSe  furnaces,  the  mufiSe  holding  the  roasting  mass  and 
preventing  its  contadl  with  the  flame  (Altenberg,  Reichen- 
stein, Andreasberg).  But  as  common  roasting  furnaces 
consume  less  fuel,  they  have  lately  come  again  into  use, 
with  the  precaution  of  employing  fuel  which  produces  little 
smoke ;  arrangements  are  also  made  to  completely  bum  the 
smoke ;  at  Ribas  gas  is  used  for  firing  the  furnace.  Care 
must  also  be  taken  to  construft  the  furnaces  so  as  to  protedl 
the  workmen  from  arsenic  vapour. 

During  the  charging,  the  openings  communicating  with 
the  condensation  chambers  are  closed,  to  avoid  any  con- 
tamination of  the  arsenious  acid  by  dust ;  during  the  roasting 
process  the  roasting  mass  must  be  frequently  and  care- 
fully raked.  If  the  mass  contains  sulphides  they  also  are 
volatilised  if  the  temperature  is  too  high;  the  produced 
arsenious  acid  is  then  liable  to  yield  a  yellow  or  black  glass 
on  refining. 
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The  construftion  of  the  condensation  chambers  influences 
the  yield  of  the  roasting  furnaces.  So-called  poison  towers  are 
generally  used ;  they  are  shown  in  Figs.  173,  174,  175,  and 
176,  which  represent  the  arsenical  furnaces  at  Altenberg.* 

Fig.  173. 


Fig.  174. 


Fig.  173  is  a  vertical  sedlion  of  the  poison  tower ;  Fig.  174 
is  a  longitudinal  sedtion  of  the  subliming  furnace  A,  with 

*  Ur£*s  Di^onary  of  Arts,  i.,  p.  195. 
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Fig.  175. 


the  adjoining  vault  b,  and  part  of  the  poison  tower  at  n. 
Fig.  175,  is  the  transverse  se<5tion  of  the  furnace  A  of  Fig. 
174 ;  Fig.  174  represents  a  ground  plan  of  the  furnace  a, 
where  the  left  half  shows  the  part  above,  and  the  right  the 
part  below  the  muffle  or  oblong  retorts ;  b'  is  the  bird's-eye 
view,  b"  the  ground  plan  of  the  vault  b  of  Fig.  176 ;  m,  n, 
is  the  base  of  the  poison  tower.  In  the  several  figures  the 
same  letters  denote  the  same  objefts ;  a,  is  the  muffle ;  b,  the 
mouth  for  turning  over  the  arsenical  schlich,  or  ground  ore, 
c,  c,  c,  fire  draughts  or  flues ;  d,  an  aperture  for  charging  the 
muffle  with  fresh  ore  ;  e,  the  smoke  chimney ;  /,  two  channels 
or  flues  for  the  ascent  of  the  arsenious  fumes ;  these  proceed 
to  other  two  flues,  g,  both  terminating  in  A,  which  condufts 
the  fumes  into  the  vault,  B.  They  issue  by  the  door,  1,  into 
the  conduit,  k,  thence  by  /,  into  the  spaces  m,  n,  0,  p,  q,  r,  of 
the  tower.  The  uncondensable  gases  escape  by  the  chim- 
ney, s.  The  cover,  t,  is  removed  on  the  completion  of  the 
process  in  order  to  press  the  sublimate  into  the  lower  com- 
partments. 

According  to  Lampadius,*  condensers  constru<5ted  of  a 
long  horizontal  shape  are  preferable,  as  they  allow  a  more 
perfedl  cooling  than  the  towers,  supposing  the  fume  travels 
the  same  distance  in  both  apparatus.  The  outer  chambers 
of  the  tower  heat  the  inner  ones,  and  the  middle  ones  are 
heated  by  those  lying  below  and  above ;  the  tower  is  also 
more  difficult  to  clean  from  its  condensed  fume,  and  its  height 
increases  the  draught,  causing  an  escape  of  fume. 

In  muffle  furnaces  for  roasting,  the  draught  in  the  tower 
is  but  slight,  the  hot  fume  moves  slowly  and  does  not  yield 
such  large  crystals  as  are  commercially  required,  owing  to 

•  B.  u.  h.  Ztg.,  1853,  p.    770. 
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the  slow  cooling.  Horizontal  channels  and  gas  reverberatory 
furnaces  make  the  fume  pass  more  rapidly  to  the  colder 
parts,  and  consequently  condense  them  more  quickly.  Local 
circumstances  usually  decide  the  choice  of  the  condensers. 
Lampadius  recommends  horizontal  flues  provided  with  water 
condensation,  and  Karsten  advocates  poison  towers. 
The  products  of  the  roasting  are — 

a.  Arsenious  Acid,  in  the  form  of  a  more  or  less  grey 
powder,  which  is  mostly  submitted  to  a  refining,  and  is  rarely 
sold.  The  powder  from  the  lower  chambers  is  heavier  than 
that  from  the  upper  ones. 

b.  Residues,  containing  the  refracSlory  substances  of  the 
ore,  and  arseniates.  They  are  either  thrown  away  (Alten- 
berg),  or  submitted  to  a  further  treatment  for  the  extraftion 
of  their  gold  (Reichenstein,  Ribas),  or  silver  (Andreasberg). 

2.  The  Refining  of  the  Giftmehl  for  the  Produdlion  of 

Arsenic  Glass.     This  operation  consists  of  a  repeated  subli- 

,  mation  of  the  Giftmehl  in  order  to  liberate  it  from  mechani- 

I  cally  intermixed  particles  of  residues  and  fuel  (Grobmachen), 

I  and  afterwards  to  convert  it  into  a  glassy  mass  (white  arsenic 

glass),  this  being  the  form  required  in  commerce. 

The  sublimation  of  the  pulverulent  arsenious  acid  (Gift- 
mehl), is  efifefted  at  a  moderate  and  uniform  temperature, 
in  cast  iron  pots  or  pans  surmounted  by  cylinders  of  cast 
or  wrought  iron,  or  zinc,  thus  subliming  the  arsenious 
acid  whilst  the  impurities  remain  in  the  pan.  The  top 
cylinder  is  furnished  with  a  pipe  which  terminates  in  a  con- 
densing chamber.  If  the  temperature  is  too  high  the  mass 
cakes  in  the  pan,  retaining  a  considerable  quantity  of 
arsenious  acid ;  sometimes  a  high  temperature  also  causes 
the  sublimation  of  foreign  substances,  thus  counteradling 
the  purpose  of  the  operation.  Of  the  heavier  powder  from  the 
lower  chambers  less  is  charged  than  that  from  the  upper 
chambers.  If  the  process  is  well  condudled  the  arsenious 
acid  deposits  in  the  cylinders,  forming  a  uniform,  loose,  and 
friable  sublimate;  part  of  the  acid  which  escapes  is  condensed 
in  the  condensation  chambers.  In  some  works  the  sublimed 
arsenious  acid  is  obtained  as  crude  glass. 

VOL.  I.  2  Q 
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In  order  to  avoid  loss,  the  junctions  of  the  pots  and 
cylinders  must  be  well  cemented.  When,  by  means  of  a  rod, 
ore  dust  only  is  felt  at  the  bottom  of  the  pot,  or  when  on 
passing  it  into  the  cylinder  the  rod  is  no  longer  coated  with 
arsenious  acid,  the  operation  is  finished. 

The  residue  is  returned  to  the  ore  roasting. 

The  waste  of  the  pots  depends  on  the  quality  of  the  cast 
iron ;  but  the  pots  are  not  wasted  by  the  formation  of  arsenide 
of  iron,  as  some  have  stated  ,only  their  bottoms,  where  most 
exposed  to  the  flame,  being  burnt.  A  layer  of  arsenide  of 
iron,  about  0*08  of  an  inch  thick,  is  formed  soon  after  the 
first  charge,  preventing  any  further  action  of  the  arsenic 
upon  the  iron  beneath. 

The  sublimed  arsenious  acid  is  then  again  treated  in  the 
same  furnaces  at  a  higher  temperature,  causing  its  deposition 
in  the  cylinders  as  a  vitreous  mass.  Arsenious  acid  heated 
in  flat  or  open  vessels  sublimes  and  forms  crystals,  but  if 
heated  in  deep  vessels  surmounted  with  cylinders,  the 
vapours  deposit,  without  sudden  condensation,  on  the  sides 
of  the  cylinders ;  these  are  warmed  to  a  certain  degree,  and 
the  sublimed  acid  melts  and  forms  a  white  glass.  The 
constru(5lion  of  the  furnace  permits  an  increase  of  the 
mechanical  pressure,  allowing  a  stronger  heating  of  the 
arsenious  acid  previous  to  its  volatilisation.  Better  glass  is 
produced  in  larger  quantity  the  higher  the  pressure  for 
retaining  the  vapours  of  arsenious  acid,  provided  the 
cylinders  are  not  kept  too  cool. 

The  glass  sometimes  appears  of  a  dark  colour ;  for  this 
no  sufficient  explanation  can  be  offered.  It  is  erroneously 
supposed  that  reducing  gases  enter  the  apparatus,  reducing 
arsenious  acid,  and  that  the  metallic  arsenic  formed  produces 
the  dark  colour ;  remelting  this  glass  renders  it  perfeftly 
translucent.  It  is  often  erroneously  supposed  that  sulphur 
causes  a  yellowish  tint  in  the  arsenic  glass.  According  to 
Georgi,*  the  glass  assumes  a  yellow  colour  from  an 
admixture  of  metallic  arsenic  or  of  schlich,  which  has  been 
carried  away  together  with  arsenious  acid  in  the  roasting 

•  B.  u.  h.  Ztg.,  i860,  p.  351. 
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process.  To  avoid  this  mechanical  volatilisation  in  the 
roasting  process,  it  is  advisable  to  close  the  flue  communi- 
cating with  the  condensation  chamber,  and  to  open  a  side 
flue  when  charging  and  stirring  the  schlich.  Georgi  also 
advises  the  construAion  of  two  flues  behind  the  muflle. 

Having  finished  the  sublimation  and  cooled  the  apparatus, 
the  cylinders  are  taken  oS  to  remove  the  glass  contained  in 
them.  Cast  iron  cylinders  are  diflicult  to  handle  on  account 
of  their  weight,  and  the  glass  sticks  rather  fast  both  to  them 
and  to  cylinders  of  iron  plate ;  iron  cylinders  also  give  a 
black  skin  to  the  glass  at  the  place  of  contact  ;  zinc 
cylinders  answer  better. 
The  produdls  of  this  operation  are — 
a.  White  Arsenic  Glass, — amorphous  arsenious  acid. 
When  fresh  it  is  a  perfedt  glass  with  a  conchoidal  fradlure, 
translucent,  and  with  the  lustre  of  glass.  After  a  time  this 
colourless  substance  becomes  white,  like  porcelain,  and  of 
the  lustre  of  opal  or  wax,  without  changing  its  composition 
or  losing  its  compacSlness ;  the  amorphous  state  changes  into 
the  crystalline  state,  the  glass  at  the  same  time  assuming 
a  difierent  hardness,  specific  gravity,  and  solubility. 

The  following  analyses  of  arsenious  acid,  in  form  of  powder 
and  of  glass,  show  the  composition  : — 

I.  2.  3.  4. 

Arsenious  acid  .    .    go'io        95*85        94'3i        98*20 
Sulphide  of  arsenic      2*05  0*32  1*03  — 

Bismuth  ....       —  —  0*25  — 

Sulphur   ....      073  071  0*50  — 

Ore  dust  ....       5*51  2*05  3-05  — 

Fume 1*04  074  o'i6  — 

Antimonious  acid  .       —  —  —  1*68 

I.  Pulverulent  arsenious  acid  from  Altenberg,  taken  from 
the  condenser  of  a  tin  roasting  furnace,  nearest  to  the 
furnace,  by  Lampadius.  2.  The  same  taken  from  the  end 
of  the  condenser.  3.  The  same  from  Oberschlema,  by 
Lampadius.  4.  Arsenic  glass  from  Andreasberg,  by  Streng. 
Bodemann  says  that  pulverulent  arsenious  acid  (Giftmehl) 
from  Andreasberg  contains  i  per  cent  of  ferruginous  and 
aluminous  lime,  J  per  cent  of  oxide  of  antimony,  i  per  cent 
of  siliceous  residue,  and  i  per  cent  of  moisture. 

2  Q  2 
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2.  Sublimate  in  the  Condensation  Chambers;  this  is 
either  sold  as  such  or  converted  into  glass. 

3.  Residues  in  the  Pots ;  they  are  either  thrown  away, 
or  added  to  the  roasting. 

Illustrations  of  the  ProducSlion  of  Arsenious  Acid  in 
Muffle  Furnaces. 

At  Altenberg*  in  Saxony,  arsenious  acid  is  produced  from 
arsenical  pyrites,  the  massive  ore  of  which  yields  95  per 
cent  of  schlich;  disseminated  ore  yields  33  per  cent,  and 
small  mine  ore  20  per  cent  of  schlich.  The  ores  are  roasted 
in  muffle  furnaces.  Arsenious  schlich,  to  the  amount  of 
from  7  to  10  cwts.  for  one  operation,  are  spread  2  or  3  inches 
thick  upon  the  bottom  of  the  muffle,  heated  to  redness  by  a 
brisk  fire,  then  exposed  to  gentler  heat,  in  order  before 
subliming  to  completely  oxidise  the  arsenical  ore ;  the  air 
must  have  free  access,  and  the  front  aperture  of  the  muffle 
be  left  quite  open.  After  eleven  or  twelve  hours  the  cal- 
cined materials  are  raked  out  at  the  mouth  of  the  muffle, 
and  fresh  materials  introduced  by  the  openings  indicated 
above,  which  are  closed  during  the  sublimation.  The  first 
schlich  yields  about  45  per  cent  of  arsenious  acid,  the 
second  40  per  cent,  and  the  last  33  per  cent.  The  arsenious 
acid  found  in  the  condensation  chambers  is  not  marketable, 
and  is  sublimed  in  iron  pots,  2  feet  5  inches  high  and  i  foot 
10  inches  wide,  charging  each  pot  with  3^  cwts.  of  arsenious 
acid.  This  quantity  is  sublimed  in  12  hours;  15  cwts., 
which  charges  four  pots,  yield  12J  cwts.  of  arsenic  glass, 
with  a  consumption  of  about  12  cubic  feet  of  coal. 

At  Reichensteint  in  Silesia,  arsenical  pyrites  is  roasted  in 
a  furnace  similar  to  that  used  in  Altenberg.  Charges  of 
8  or  10  cwts  of  schlich  are  roasted  in  12  hours.  One  cwt.  of 
schlich  consumes  0*07  cwt.  of  coal.  The  ores  yield  from 
16  to  61  per  cent,  on  an  average  24  per  cent  of  ore  schlich, 
from  which  is  produced  from  52  to  70  per  cent,  on  an  average 

*  Dumas,  Angew.  Chem.,  iv.»  106.    Lampadius,  Huttenkunde,  ii.,  3  Bd. 
p.  228. 
f  Ann.  d.  min.,  4  s6r.,  1  livr.,  1847,  P-  77»     S-  ^-  ^'  ^*&m  '861,  p.  351. 
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63  per  cent,  of  arsenious  acid.  A  charge  of  8  cwts.  yields 
on  an  average  60  per  cent,  of  arsenious  acid,  20  per  cent 
being  marketable.  The  residues,  containing  from  3  to  5  per 
cent  of  arsenic  and  0*028  oz.  of  gold  per  cwt.,  are  treated  by 
Plattner's  method  for  the  extrad^ion  of  the  gold. 

The  Giftmehl  from  the  last  condensation  chambers, 
amounting  to  20  per  cent  of  the  whole  production,  is  very 
pure  and  marketable;  that  from  the  other  condensation 
chambers  requires  a  sublimation  in  the  refining  furnaces, 
represented  by  Figs.  177  and  178.  Fig.  177  shows,  at  A,  a 
vertical  seftion  of  the  furnace,  the  kettle,  and  the  surmounting 

Fg.  177. 
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drums  or  cylinders;  over  b,  the  furnace  is  seen  in  ele- 
vation. Fig.  178  is  a  ground  plan  of  the  four  fire-places. 
a  is  the  grate ;  6,  the  ash-pit ;  c,  the  openings  for  firing ; 
d,  the  fire-place ;  e,  iron  pots  or  kettles  which  are  charged 
with  the  arsenious  powder ;  /,  the  fire-flues  leading  to  the 
common  chimney  (g) ;  h,  iron  cylinders ;  i,  caps ;  k,  pipes 
leading  to  the  poison  vent  (/) ;  m,  openings  in  the  pipes  for 
introducing  the  probing  wires.  The  kettles  are  27I  inches 
deep  and  19  inches  in  diameter,  and  charges  of  4^^  cwts.  are 
sublimed  in  .10  or  12  hours.  The  poison  powder  requires 
two  sublimations.  100  cwts.  of  poison  powder  (Giftmehl) 
yield  94*5  cwts.  of  raw  glass  and  92  cwts.  of  refined  arsenic 
glass,  at  a  consumption  of  192  cubic  feet  of  coal.  The  pots 
wear  out  in  from  16  to  20  days. 

At  Andreasberg,  in  the  Hartz,  arsenious  acid  is  produced 
from  argentiferous  arsenic  (Scherbenkobalt)  as  a  by-produdl 
whilst  roasting  the  arsenic  for  the  extra<5tion  of  its  silver. 
When  in  the  form  of  schlich  the  ore  contains  about  65  per 
cent  of  arsenic,  4J  per  cent  of  lead,  and  J  per  cent  of  silver, 
besides  calc  spar,  &c. 

The  ore  is  roasted  in  muffle  furnaces,  and  the  arsenious 
powder  coUefted  in  a  poison  tower.  From  4  to  6  cwts.  are 
roasted  in  from  14  to  22  hours,  at  a  consumption  of  43  cubic 
feet  of  beech  wood.  The  ore  is  spread  out  upon  the  sole  of 
the  muffle  about  3  inches  high,  and  raked  from  time  to 
time,  but  not  too  often  at  the  beginning  of  the  process.  The 
firing  is  somewhat  increased  towards  the  end  of  the  process, 
which  is  finished  when  no  more  fume  is  formed.  The  fume 
indicates  the  state  of  the  process,  and  when  it  is  just  obser- 
vable at  the  mouth  of  the  chimney  of  the  poison  tower,  the 
process  is  well  condudled. 

The  residues  in  the  furnace  are  fused  with  lead  for  their 
desilverisation.  The  arsenious  acid  is  removed  from  the 
poison  tower  once  a  year  by  workmen  wearing  double  tight- 
fitting  clothes,  and  provided  with  a  moistened  sponge 
to  guard  their  nostrils  and  mouth. 

100  lbs.  of  arsenical  schlich  are  roasted  in  3J  hours,  con- 
suming 9  cubic  feet  of  fuel,  and  yielding  48  per  cent  of  white 
arsenious  acid,  and  51^^  per  cent  of  residues,  containing  from 
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I  to  2  per  cent  of  silver,  and  from  12  to  16  per  cent  of  arsenic. 
The  arsenious  acid  is  sublimed  in  refining  furnaces  con- 
structed like  those  at  Reichenstein.  Bach  pot  is  charged 
with  2j^  cwts.  of  powder,  and  carefully  heated  so  as  to  sub- 
lime the  arsenious  acid.  The  proper  temperature  is  ascer- 
tained by  sprinkling  water  against  the  cylinders  by  means  of 
a  broom,  and  it  is  suitable  if  the  water  on  the  lower  part  of 
the  cylinder  evaporates  with  a  hissing  noise,  whilst  it 
gradually  evaporates  on  the  upper  part.  If  the  temperature 
is  too  high,  much  arsenic  sublimes  in  the  condensation 
chambers,  and  if  too  low,  a  dim  glass  is  formed.  If  the 
probing  wire,  introduced  into  the  cylinder  after  eight  or  ten 
hours'  firing,  keeps  free  from  a  white  coating,  the  process  is 
finished,  and  the  cylinders  are  emptied  on  the  following  day, 
the  arsenious  acid  forming  a  crust  i  or  2  inches  thick  on  the 
sides  of  the  cylinder ;  a  pot  lasts  for  fifty  sublimations.  The 
residue  in  the  pot,  containing  from  40  to  60  per  cent  of 
arsenious  acid,  is  added  to  the  roasting.  According  to  Bode- 
mann,  it  contains — 

From  63  to  67  per  cent  of  antimony  and  arsenic ; 
„     15  to  18  per  cent  of  oxygen,  combined  with  antimony 

and  arsenic ; 
„     12  to  16  per  cent  of  silica,  alumina,  lime,  and  peroxide 

of  iron ;  and 
„     traces  up  to  Jth  of  an  ounce  of  silver  per  cwt. 

The  sublimate  of  arsenious  acid  is  partly  sold  as  such,  and 
partly  refined,  forming  raw  glass,  which  is  then  sublimed  in 
quantities  of  3^-  cwts.,  when  it  is  fit  for  the  market.  Five 
tons  of  poison  powder  yield  4  tons  9  cwts.  of  arsenic  glass, 
7  cwts.  of  residues  in  the  pots,  and  4  cwts.  of  sublimate  in 
the  condensing  chambers ;  5  tons  of  arsenic  glass  are  pro- 
duced with  a  consumption  of  2,400  cubic  feet  of  beech  wood. 

Illustrations  of  the  Produdlion   of  Arsenious  Acid  in 
Reverberatory  Furnaces  with  dire(5t  Firing. 

These  furnaces  are  advantageous  as  regards  consump- 
tion  of  fuel,  but  they   are   seldom  used   for  working  real 
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arsenical  ores,  and  are  chiefly  employed  for  roasting  such  ores 
as  cobalt  ores  (Schneeberg),  silver  ores  (Freiberg),  tin  ores 
(Cornwall,  Saxony),  when  arsenious  acid  is  produced  as  a 
by-produdl. 

Fig.   179  shows  the  construdlion  of  a  furnace  used  at 
Ribas  in  Spain  for  working  arsenical   pyrites,     a  is  the 

Fig.  179. 
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hearth  supported  by  partition  walls  of  bricks,  permitting  the 
flame  to  play  against  and  upon  the  hearth.  When  firing  with 
coal,  the  flue  (c)  is  closed  by  means  of  the  sliding  door  (d),  and 
the  flame  condudled  into  the  chimney  (/)  by  the  flue  (e). 
When  firing  with  wood,  the  flue  {e)  is  closed  by  the  sliding 
door  ig),  and  the  flame  is  made  to  pass  across  the  hearth 
into  the  flue  (t),  into  which  the  arsenious  acid  is  also  con- 
duced ;  k  is  the  grate  ;  /,  a  mantel-piece  for  receiving  any 
escaping  arsenical  vapour ;  w,  are  rollers  for  supporting  the 
tools. 

These  furnaces  produce  a  coarser  and  heavier  powder  than 
the  muffle  furnaces,  as  their  condensation  chambers  maintain 
a  higher  temperature  owing  to  the  escaping  combustion  gases. 

Illustrations  of  the  Produ(5lion  of  Arsenious  Acid  in 
Gas  Reverberatory  Furnaces. 

These  furnaces  consume  less  fuel  than  muffle  furnaces, 
and  produce  arsenious  acid  free  from  impurities. 

At  Freiberg*  the  ore  dust,  containing  from  30  to  80  per  cent 
of  arsenious  acid,  colledled  in  the  condensation  chambers 

•  B.  u.  h.  Ztg.,  1864,  p.  256. 
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of  the  roasting  furnaces^  is  worked  in  furnaces  similar 
to  those  represented  on  pages  129,  130,  and  131.  These 
furnaces  are  heated  by  gas  produced  by  burning  coke,  and 
provided  with  a  condensation  channel  400  f«et  long.  The 
ore  dust  is  charged  in  quantities  of  6  cwts.  by  means  of  an 
opening  in  the  furnace  roof,  and  raked  from  time  to  time,  as 
it  cakes  easily.  The  portion  Ijang  before  the  fire-bridge  is 
roasted  in  three  or  four  hours ;  the  residue  is  removed  and 
replaced  by  the  remaining  portion  from  the  flue  side  of  the 
furnace ;  a  charge  of  fresh  ore  dust  is  placed  on  the  flue  side. 
42  cwts.  of  ore  dust  are  thus  worked  in  24  hours,  consuming 
9  cwts.  of  coke,  and  yielding  from  65  to  70  per  cent  of  com- 
mercial arsenious  acid.  The  residues  rich  in  silver  and  lead 
are  either  smelted  together  with  lead  ores,  or  in  admixture 
with  lead  slags,  and  50  per  cent  of  burned  raw  matt. 

A  mixture  of  arsenical  and  iron  pyrites  is  sometimes  heated 
in  retorts,  sulphide  of  arsenic  subliming.  The  residue  is 
roasted  in  reverberatory  furnaces,  yielding  sulphurous  acid 
and  arsenical  fume,  which  are  coUedled,  and  the  remainder 
of  the  roasted  mass  added  to  the  raw  matt  smelting. 

At  Ribas,*  in  the  Spanish  province  of  Catalonia,  the 
common  roasting  furnaces  before  described  are  used,  as  well 
as  furnaces  heated  with  gas  produced  by  burning  coke,  the 
flame  coming  into  diredt  contact  with  the  roasting  mass. 

Comparisons  show  that  a  Saxon  muffle  furnace  consumes 
lof  cubic  feet  of  coal  per  ton  of  ore ;  a  roasting  furnace  fed 
with  wood,  81  cubic  feet  of  fuel  per  i  ton  4  cwts.  of  ore ;  and 
a  gas  roasting  furnace,  4  cwts.  of  coke  per  3  tons  of  ore ;  so 
that  the  expenses  per  cwt.  of  ore  amount  for  fuel  to  3*6d., 
7'5d.,  and  id.  respedlively. 

15  cwts.  of  pyrites  are  roasted  in  a  gas  furnace,  yielding 
every  six  hours  as  much  as  50  per  cent  of  sublimate.  The 
condenser  consists  of  a  poison  tower  in  combination  with  a 
horizontal  channel  provided  with  water  condensation. 

The  sublimate  is  re-sublimed  in  three  pots  2  feet  deep  and 
I  foot  4  inches  in  diameter ;  one  charge,  consisting  of  15  cwts., 
is  finished  in  eight  hours,  with  a  consumption  of  3  cwts.  of 

*  B.  u.  h.  Ztg.,  1853,  p.  767. 
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wood  and  z  cwts.  of  coal ;  the  loss  by  volatilisation  and  in 
the  residues  is  about  f>^  per  cent. 

Upon  refining  I2  cwts.  of  this  sublimate  in  three  pots 
11^  cwts.  of  arsenic  glass  are  produced  in  seven  hours,  at  a 
consumption  of  4  cwts.  of  wood  and  z  cwts.  of  coal. 

III.  PRODUCTION  OP  COLOURED  ARSENIC  GLASS 
(REALGAR  AND  ORPIMENT.) 

Coloured  arsenic  glass  is  frequently  produced  in  smelting 
works  together  with  metallic  arsenic  and  arsenious  acid. 
These  glasses  are  sulphides  of  arsenic,  namely,  the  red  sul- 
phide of  arsenic  (realgar),  and  the  yellow  sulphide  of  arsenic 
(orpiment). 

When  producing  these  substances  in  smelting  works,  con- 
stant chemical  combinations  are  not  so  much  an  objedt  as 
glasses  of  certain  colours,  as  the  price  depends  on  the  purity 
and  fineness  of  the  colours. 

z.  Realgar,  AsS,,  containing  70*15  per  cent  of  As  and  29*85 
per  cent  of  S.  All  the  difierent  methods  of  producing  realgar 
have  in  view  the  combination  of  metallic  arsenic  with 
sulphur  in  a  definite  proportion.  Such  combination  may  be 
effedled  diredt  by  a  simultaneous  sublimation  of  suitable 
ores  (arsenical  and  iron  pyrites,  as  in  Saxony),  by  a  fusion 
of  metallic  arsenic  with  sulphur,  and  a  subsequent  subli- 
mation of  the  produ<5l  (Andreasberg),  or  by  smelting  and 
subliming  arsenical  pyrites  with  sulphur  (Reichenstein)  ; 
stochiometrical  calculation  shows  that  when  heated  with  the 
atmospheric  air  excluded  iron  pyrites  may  evolve  about 
23  per  cent  of  sulphur — 

7FeSa  =  6FeS,  FeS,  +  6S. 
but  the  smelting  works  usually  produce  no  more  than  15  or 
18  per  cent.  According  to  the  stochiometrical  proportion, 
the  production  of  100  parts  of  realgar  requires  130*4  parts 
of  iron  pyrites  and  152*1  parts  of  arsenical  pyrites ;  but  in 
pradlice  equal  parts  are  usually  most  advantageous. 

By  themselves  arsenic  and  sulphur  are  more  volatile  than 
when  in  combination,  and  this  is  why  the  production  of 
realgar  by  sublimation  usually  causes  less  loss  than  a  diredl 
fusion  of  both  substances. 
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If  it  were  possible  to  produce  a  fine  red  and  saleable  pro- 
duct by  a  combination  of  arsenious  acid  with  sulphur^  this 
produdt  would  still  be  unfit  for  such  purposes  as  the  reduc- 
tion of  indigo,  shot  manufadlure,  &c.,  owing  to  the  presence 
of  arsenious  acid ;  at  all  events,  its  adaptability  would  be  less 
than  that  of  a  produdl  produced  from  metallic  arsenic.  The 
production  from  arsenious  acid  is  also  more  expensive,  as 
much  of  the  sulphur  is  converted  into  sulphurous  acid  by  the 
oxygen  of  the  arsenious  acid,  and  lost. 

The  production  of  realgar  requires  a  closer  observation  of 
the  stochiometrical  proportions  than  that  of  orpiment,  and 
an  assay  must  be  made  previous  to  the  manufacture  on  a 
large  scale. 

A  finer  product  is  usually  obtained  by  sublimation  than  by 
mere  fusion  of  arsenic  and  sulphur.  The  furnaces  for  sub- 
limation are  similar  to  those  for  producing  metallic  arsenic, 
save  that  the  roUed-up  iron  plate  is  wanting,  and  the  subli- 
mate collects  in  the  receiver.  Furnaces  like  the  Belgian  zinc 
furnaces  are  sometimes  used,  or  even  furnaces  like  the  retort 
apparatus  for  producing  illuminating  gas  ;  the  ends  of  the 
retorts  are  then  contracted  so  as  to  coUeCt  the  produCl  in 
metal  casks  by  means  of  a  small  opening.  It  is  advisable 
to  place  the  retorts  in  an  inclined  position,  thus  keeping  the 
receivers  cooler,  and  preserving  the  produCl  collected  in  them. 
An  inclined  position  of  tubes  is  less  advisable  for  the  pro- 
duction of  metallic  arsenic,  as  it  is  then  impossible  to  raise 
the  temperature  high  enough  to  decompose  the  arsenical 
pyrites.  An  opening  in  the  receivers  serves  for  the  escape 
of  the  formed  steam,  and  for  observations  of  the  process ; 
the  process  is  interrupted  when  the  pyrites  ceases  to  bum  and 
to  evolve  vapours. 

The  resulting  crude  glass  is  usually  striped,  and  requires  to 
be  refined  to  make  it  homogeneous,  and  to  produce  the  tint 
required  in  commerce  more  or  less  sulphur  must  be  added. 

Darker  glasses  require  more  sulphur  than  the  lighter 
ones.*  An  addition  of  sulphide  rich  in  arsenic,  or  of  crude 
glass,  is  apt  to  render  dark  tints  lighter.     Metallic  arsenic  is 

•  B.  u.  h.  Ztg.,  1853,  p.  776. 
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seldom  used  for  this  purpose.  But  authorities  differ  on  this 
pointy  and  are  undecided  whether  sulphur  renders  the  tint 
darker  or  lighter,  probably  because  the  artificial  realgar 
is  not  a  constant  sulphide,  but  a  mixture  of  different  com- 
binations with  uncombined  sulphur.  Actual  chemical  com- 
binations of  arsenic  and  sulphur  are  lighter  in  colour  the 
more  sulphur  they  contain. 

The  re-melting  of  the  raw  glass  is  effected  in  cylinders  of 
iron  plate,  which  are  placed  in  a  highly  inclined  position,  or  in 
cast-iron  pans.  After  the  melting,  the  manipulations  are, 
stirring  the  fused  mass,  skimming  it,  adding  sulphur,  arsenic, 
or  crude  glass,  and  taking  samples  by  dipping  a  cold  iron 
rod  into  the  fused  mass ;  the  crust  formed  on  the  rod  shows 
the  colour  of  the  glass.  The  liquid  is  then  heated  so  strongly 
as  to  become  very  fluid,  and  is  then  poured  into  moulds,  which 
may  be  covered  by  iron  plates. 

Good  realgar  is  orange  yellow,  changing  into  hyacinth  red 
and  brown.  It  is  pellucid  and  more  easily  fusible  than  yellow 
sulphide  of  arsenic.  It  volatilises  at  a  temperature  below 
red  heat. 

2.  Orpiment,  AsSj,  containing  61*04  P^^  cent  of  As  and 
38*96  per  cent  of  S.  This  product  is  mostly  produced  by 
melting  arsenious  acid  with  sulphur,  or  by  subliming  these 
substances.  Weathered  arsenical  pyrites,  containing  this 
substance,  are  sometimes  employed  instead  of  arsenious  acid — 

2ASO3  +  98  =  2ASS3  +  3S0a. 

Usually  pulverised  arsenious  acid  and  sulphur  are  melted 
and  sublimed  in  the  apparatus  used  for  refining  Giftmehl. 
After  having  obtained  the  desired  colour  in  small  samples 
by  a  variation  of  the  constituents,  the  mixture  is  made  for 
the  produdlion  on  a  large  scale.  It  must  be  taken  into  con- 
sideration that  the  beauty  of  the  colour  decreases  if  the 
substances  are  mixed  in  the  stochiometric  proportion, 
namely  100  parts  of  arsenious  acid  and  73  parts  of  sulphur. 
A  much  smaller  quantity  of  sulphur  (one-third  or  one-fifth) 
produces  a  fine  yellow  colour.  Usually  100  parts  of  arsenious 
acid  are   mixed  with    from    14    to   17   parts  of    sulphur. 
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Lampadius*  employed  from  2  to  20  per  cent  of  sulphur,  and 
obtained  tints  slightly  varying,  independent  of  whether  more 
or  less  sulphur  was  lost  as  sulphurous  acid.  He  therefore 
concluded  that  the  yellow  tints  were  produced  by  a  small 
quantity  of  sulphide  of  arsenic,  either  mechanically  dissolved 
in  arsenioiis  acid  or  chemically  combined  with  it.  Experi- 
ments to  combine  from  i  to  4  per  cent  of  realgar  with 
arsenious  acid,  confirmed  his  conclusion,  as  those  com- 
binations formed  the  most  beautiful  orange  or  citron  yellow 
glasses. 

The  usual  method  of  producing  orpiment  is  to  carefully 
heat  a  mixture  of  arsenious  acid  and  sulphur  at  a  gradually 
rising  temperature  (up  to  red  heat)  until  the  formed  vapours 
melt  in  the  cylinders  to  a  vitreous  mass.  If  the  temperature 
is  too  low,  a  great  deal  of  pulverulent  orpiment  will  result, 
and  if  too  high,  much  vapour  will  escape  without  becoming 
condensed.  The  firing  is  interrupted  when  a  bright  iron 
introduced  in  the  cylinder  does  not  become  much  coated. 
The  glass  is  removed  from  the  cylinders  after  cooling ;  it  is 
usually  deposited  in  three  layers,  namely,  a  fine  yellow  glass, 
a  striped  glass,  and  a  yellow  powder. 

The  yellow  glass  is  a  commercial  article,  and  is  invariably 
a  mixture  of  arsenious  acid  and  sulphide  of  arsenic. 

Re-melting  renders  the  striped  glass  homogeneous ;  the 
yellow  powder  is  added  to  the  next  sublimation. 

According  to  Winkler  and  Thiel,  commercial  orpiment 
contains  up  to  97  per  cent  of  arsenious  acid  when  of  light 
colour ;  the  darker  sorts  contain  from  i  to  15  per  cent. 

Illustrations  of  the  Produ(5tion  of  Realgar. 

A.  Produ(5lion   of    Realgar    from    Iron    and    Arsenical 

Pyrites. 

In  the  Saxony  arsenic  works,  equal  parts  of  iron  pyrites 
and  arsenical  pyrites  are  gradually  heated  to  redness  in  the 
clay  retorts  of  a  furnace  similar  to  that  represented  by  Figs. 

•  B.  u.  h.  Ztg.,  1853,  p.  778. 
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171  and  172  (page  589).  The  sublimed  sulphide  of  arsenic 
is  coUedted  in  cylindrical  receivers  provided  with  an  opening 
Jth  of  an  inch  square  for  the  escape  of  steam,  &c.  These 
receivers  are  not  cooled  by  artificial  means.  After  firing  for 
ten  or  twelve  hours  the  furnace  is  gradually  cooled,  and  the 
sublimate  removed  from  the  receivers ;  the  sublimed  sulphide 
of  arsenic  is  then  refined  by  re-melting,  either  in  inclined 
cylinders,  or  in  cast-iron  pans,  at  a  temperature  quickly  rising 
up  to  a  red  heat.  Care  must  be  taken  that  the  flame  does 
not  reach  the  mouth  of  the  vessel,  as  this  would  cause  the 
ignition  of  the  sulphide  of  arsenic.  The  impurities  are 
skimmed  off  the  fused  mass,  and  samples  taken  from  time  to 
time  by  means  of  an  iron  rod.  If  necessary,  an  addition  of 
sulphur,  arsenic,  or  of  sulphide  of  arsenic,  with  an  excess  of 
arsenic,  is  given  whilst  continually  stirring  the  mass.  An 
addition  of  sulphur  is  preferred  to  one  of  arsenic,  so  that  the 
production  of  a  compact  darkish  product,  which  requires  an 
addition  of  sulphur,  is  aimed  at  in  the  sublimation.  The 
sublimate  being  pulverulent,  friable,  and  light  red,  necessi- 
tates an  addition  of  arsenic. 

If  the  glass  flows  thin  from  the  iron  rod,  and  is  compadt 
after  cooling,  and  of  the  desired  colour,  the  liquid  mass  is  run 
into  iron  plate  moulds  and  allowed  to  cool,  the  moulds 
being  covered  by  a  lid.  The  cooled  ingots  are  broken  into 
pieces  and  sold  as  such. 

At  Ribas*  mixtures  of  equal  parts  of  arsenical  and  iron 
P3rrites,  in  quantities  of  8  cwts.,  are  heated  in  retorts.  They 
consume  in  six  or  seven  hours  2  cwts.  of  wood  and  3  cwts. 
of  coal,  and  yield  ij^  cwts.  of  glass,  which  is  re-melted  in  pans 
2  feet  6  inches  and  3  feet  long,  i  foot  and  i  foot  3  inches 
broad  on  the  bottom  or  top  respeftively,  and  2  feet  3  inches 
high.  A  charge  of  4  cwts.  of  raw  glass  is  refined  in  two 
hours.  Such  a  charge  of  the  darker  sorts  requires  an  addi- 
tion of  from  40  to  50  lbs.  of  sulphur,  and  of  the  lighter  sort 
an  addition  of  30  lbs. 

•  B.  u.  h.  Ztg.,  1853,  p.  774. 
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B.  ProduAion  of  Realgar  from  Arsenical  Pyrites  and 

Sulphur. 

At  Reichenstein,  an  admixture  of  5  cwts.  of  arsenical 
pyrites  in  the  form  of  coarse  schlich,  and  78  lbs.  of  raw  sulphur, 
is  heated  in  retorts,  producing  ij-  cwts.  of  raw  glass.  This 
is  refined  in  cast-iron  pans  in  quantities  of  4  cwts.  with  an 
addition  of  about  60  lbs.  of  refined  sulphur,  yielding  about 

4  cwts.  27  lbs.  of  realgar.    When  roasted,  the  residues  in  the 
retorts  still  yield  about  35  per  cent  of  arsenious  acid. 

C.  ProdudUon   of  Realgar  from   Arsenious   Acid   and 

Sulphur. 

At  Andreasberg,  experiments  were  made  to  produce 
realgar  by  a  fusion  of  native  arsenic  with  sulphur,  and  a 
produft  of  more  or  less  fineness  was  always  obtained.  These 
experiments  also  showed  that  the  following  rules  were  to  be 
observed  for  the  produdlion  of  a  good  glass. 

a.  The  arsenic  must  be  employed  in  a  state  of  fine  division, 
to  hasten  its  speedy  combination  with  sulphur,  which  may 
be  employed  in  a  coarser  form. 

6.  The  re-melted  realgar  must  be  quickly  cooled  in  cold 
moulds,  otherwise  it  becomes  striped ;  and 

c.  The  realgar,  especially  when  in  a  pulverulent  state, 
must  be  protedled  from  the  light,  which  gives  it  a  violet  tint. 

At  Reichenstein,  Georgi  fused  some  best  refined  sulphur 
in  a  fiat  iron  pan,  at  a  temperature  below  120''  C,  and  added 
metallic  arsenic  whilst  continually  stirring  the  mass.  He 
then  covered  the  pan  and  gradually  raised  the  temperature 
till  the  mass  was  uniformly  fused.  The  resulting  produft 
was  good,  but  unfit  for  sublimation,  as  it  yielded  different 
sublimates  one  after  another ;  there  first  resulted  sulphur  and 
yellow  sulphide  of  arsenic ;  afterwards  a  sulphide  of  arsenic 
rich  in  sulphur,  of  a  brilliant  ruby  red  colour ;  and  lastly  an 
almost  black  combination  rich  in  arsenic. 

Illustration  of  the  Produdlion  of  Orpiment. 

At  Reichenstein,  arsenious  acid  is  carefully  heated  with 

5  per  cent  of  pulverised  sulphur,  at  a  temperature  gradually 
rising  up  to  redness,  in  refining  pots,  such  as  are  used  for 
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refining  arsenic  glass.  The  evolved  vapours  of  orpiment  are 
made  to  condense  in  the  cylinders^  when  they  form  a  glass. 
If  the  temperature  is  too  high,  much  of  the  vapour  will 
escape,  and  if  too  low,  the  resulting  produdt  will  assume  the 
form  of  powder.  The  process  is  interrupted  if  an  iron  rod 
introduced  into  the  cylinders  does  not  become  coated.  The 
glass  is  removed  from  the  cylinders  after  cooling  and  sub- 
limed again  ;  the  resulting  glass  is  now  broken  into  pieces, 
sorted,  and  the  inferior  pieces  added  to  the  next  mixture  for 
sublimation. 
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GOLD. 

PRINCIPAL  ORBS  OP  GOLD. 

Gold  is  chiefly  found  in  the  metallic  state,  sometimes  crys- 
tallised in  cubes  and  its  derivative  forms.  It  also  occurs  in 
threads  of  various  sizes,  twisted  and  interfaced  into  a  chain 
of  minute  odtahedral  crystals,  and  in  spangles  or  rounded 
grains,  which  are  called  nuggets  when  of  a  certain  magnitude. 
The  small  grains  are  not  fragments  broken  from  a  greater 
mass,  but  show  ,by  their  flattened  ovoid  shape  and  their 
rounded  outline  that  this  is  their  original  state.  Humboldt 
states  that  the  largest  nugget  known  was  one  found  in  Peru, 
weighing  about  26  lbs. ;  but  masses  from  the  province  of 
Quito  have  been  stated  to  weigh  nearly  four  times  as  much, 
and  some  of  the  nuggets  from  Australia  have  greatly 
exceeded  it. 

Native  gold  is  never  free  from  silver,  and  frequently  contains 
small  quantities  of  iron,  copper,  mercury,  palladium,  plati- 
num, iridium,  &c.*  According  to  Boussingault,t  gold  from 
South  America  contains  from  11  to  35  per  cent  of  silver,  and 
according  to  Rose,  t  gold  from  Siberia  and  Transylvania  from 
4  to  38  per  cent  of  silver,  and  from  o'l  to  0*4  per  cent  of 

*  Bgwkfd.,  xxi.,  66.  Polyt.  Centr.,  1854,  p.  885.  B.  u.  h.  Ztg.,  185 1,  p. 
729 ;  i860,  p.  178 ;  1862,  p.  275.  Erdm.,  J.  f.  pr.  Chem.,  Ixi.,  435.  Cotta, 
Erzlagerst.,  i.,  59  ;  ii.,  589. 

t  Ann.  d.  Chem.  et  de  Phys.,  xxxiv,,  408. 

X  B.  u.  h.  Ztg.,  i860,  p.  498.     Fogg.,  xxiii.,  161,  196. 
VOL.    I.  2    R 


Digitized  by  VjOOQ IC 


6io 


GOLD. 


copper  and  iron.  Henry,  Teschemacher,  Oswald,  Hofmann, 
and  Rivot  found  gold  from  California*  to  contain  from  6  to 
10  per  cent  of  silver,  and  Thomas  and  Kerl  found  from  3-5  to 
6*9  per  cent  of  silver  in  gold  from  South  Australia.! 
The  following  rare  minerals  are  compounds  of  gold : — 
Tellurides  of  Gold.:— AgTej  +  AuTcj,  containing  26  per 
cent  of  gold,  and  2(Pb,Au)  3(S,Te,Sb)  containing  from  6*5  to 
8"5  per  cent  of  gold. 

Gold  is  most  frequently  found  in  the  native  state,  or  in 
combination  with  metallic  sulphides,  namely,  iron,  arsenical, 
and  copper  pyrites,  zinc  blende,  galena,  sulphides  of  anti- 
mony, silver,  &c.  The  h}rpothesis  has  been  suggested  that 
part  of  the  gold  in  iron  pyrites  does  not  exist  in  a  metallic 
state,  but  is  combined  with  sulphur,  or  with  arsenic  in 
arsenical  pyrites.  The  ores  have  been  supposed  to  contain 
less  gold  the  deeper  they  occur  beneath  the  earth's  surface ; 
but  later  experience  proves  this  supposition  to  be  wrong. 
The  mineral  formations  ||  in  which  gold  occurs  are  the  crys- 
talline primitive  rocks,  the  compa(5t  transition  rocks,  the 
trachytic  and  trap  rocks,  and  alluvial  grounds.  In  his 
chapter  On  the  Original  Formation  of  Gold  in  Siluria,  Sir 
Roderick  Murchison  says : — "  We  may  first  proceed  to  con- 
sider the  nature  and  limits  of  the  rich  gold-bearing  rocks, 
and  then  offer  proofs  that  the  chief  auriferous  wealth,  as 
derived  from  them,  occurs  in  superficial  detritus.  Appealing 
to  the  strudlure  of  the  different  mountains  which  at  former 
periods  have  afforded,  or  still  afford,  any  notable  amount  of 
gold,  we  find  in  all  a  general  agreement.  Whether,  referring 
to  past  history,  we  cast  our  eyes  to  the  countries  watered  by 
the  sources  of  the  Golden  Tagus,  to  the  Phrygia  and  Thrace 
of  the  Greeks  and  Romans,  to  the  Bohemia  of  the  Middle 
Ages,  to  tradls  in  Britain,  which  were  worked  in  old  times, 
and  are  now  either  abandoned  or  very  slightly  produdlive,  or 
to  those  chains  in  America  and  Australia  which,  previously 
unsearched,  have  in  our  times  proved  so  rich,  we  invariably 

*  LiBBio*s  Jahresber,  .1849,  p.  716. 

t  Ibid.,  1851,  p.  754. 

i  B.  u.  h.  Ztg.,  1859,  pp.  140,  267. 

Il  Urb*s  Didionary  of  Arts,  London,  1867,  vol.  ii.,  495. 
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find  the  same  constants  in  nature.  In  all  these  lands  gold  has 
been  imparted  abundantly  to  the  ancient  rocks  only  whose 
order  and.  succession  we  nave  traced,  or  their  associated 
eruptive  rocks.  Sometimes  it  is  also  shown  to  be  diffused 
through  the  body  of  such  rocks,  whether  of  igneous  or  of 
aqueous  origin.  The  stratified  rocks  of  the  highest  antiquity, 
such  as  the  oldest  gneiss  and  quartz  rocks  (like  those,  for 
example,  of  Scandinavia  and  the  northern  Highlands  of 
Scotland),  have  very  seldom  borne  gold;  but  the  sedi- 
mentary accumulations  which  followed,  or  the  Silurian, 
Devonian,  and  carboniferous  (particularly  the  first  of  these 
three)  have  been  the  deposits  which,  in  the  tradls  where 
they  have  undergone  a  metamorphosis  or  change  of  strudlure 
by  the  influence  of  igneous  agency,  or  other  causes,  have 
been  the  chief  sources  whence  gold  has  been  derived." 

The  principal  gold  mines  at  present,  are  the  Califomian 
and  Australian. 

I.  The  Califomian  Gold  Mines ;  these  are  excellently 
described  in  Professor  Blake's  remarks  on  the  "  Geognosis 
of  the  Gold  Drift  in  California,"  from  which  we  give  the 
following  extraft* : — 

"  With  the  exception  of  the  diluvial  strata,  the  whole 
geological  formation  of  the  Sierra  range  consists  of  igneous 
and  metamorphic  rocks ;  the  former  are  mostly  porphyritic 
in  the  lower  hills,  whilst  higher  up  trachytic  rocks  are  more 
frequently  met  with.  The  metamorphic  rocks  consist  of 
micaceous  schists,  slates  both  talcose  and  micaceous,  meta- 
morphic sandstones  and  limestones,  with  occasional  beds  of 
conglomerate.  The  stratified  rocks  have  been  much  dis- 
placed ;  it  is  rare  to  find  them  with  a  dip  of  less  than  70°, 
and  they  are  generally  very  nearly  perpendicular.  The 
strike  of  the  beds  in  that  sedtion  to  which  Professor  Blake's 
observations  have  been  confined  (between  the  Stanislaus 
and  Yuba  rivers)  is  extremely  uniform,  being  from  5**  to  lo"" 
W.  of  N.  and  E.  of  S.  The  extent  of  the  diluvial  deposits 
is  commensurate,  or  nearly  so,  with  that  of  the  gold-bearing 

•  Ure's  Diaionary  of  Arts,  Ac,  li.,  p.  501. 
2   R  2 
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region  in  that  part  of  the  country  which  he  has  examined. 
They  are  found  in  a  belt  of  land  from  30  to  60  miles  broad, 
and  running  parallel  with  the  axis  of  the  range ;  ^and,  from 
fa6ls  that  he  has  ascertained  from  others,  he  states  that  he 
has  no  doubt  but  that  they  exist  throughout  all  the  gold 
bearing  region  both  north  and  south.  These  diluvial  deposits 
are  met  with  as  we  advance  towards  the  lower  hills  of  the 
Sierra,  extending  frequently  some  miles  into  the  plain.  On 
ascending  from  the  lower  hills  towards  the  mountains,  the 
diluvial  beds  no  longer  occupy  the  same  relative  position  : 
occasionally  deposits  of  rounded  stones  can  be  found  in  the 
valleys  and  on  the  sides  of  the  hills ;  but  when  this  is  the 
case,  their  origin  can  be  traced  to  deposits  on  the  tops  of  the 
surrounding  hills,  from  which  they  have  been  brought  down 
by  the  adlion  of  the  causes  now  at  work.  As  we  ascend 
towards  the  axis  of  the  chain,  these  deposits  become  more 
extensive,  and  at  a  distance  of  20  or  30  miles  from  the  lower 
hills  they  are  found  occupying  the  crests  of  almost  all  the 
ridges  in  the  country ;  but  besides  being  found  on  the  crests 
of  the  ridges,  where  their  extent  frequently  does  not  exceed 
a  few  yards  in  breadth,  they  are  also  met  with  covering  the 
extensive  elevated  flats  which  exist  on  the  benches  between 
the  different  water-courses,  forming  continuous  beds  of  some 
miles  in  extent,  which  are  rarely  interrupted  by  the  pro- 
trusion of  any  of  the  older  rocks.  Where  found  in  elevated 
situations,  the  lower  hills  and  valleys  are  entirely  free  from 
them ;  frequently  a  large  section  of  the  country  will  be 
enclosed  from  two  high  ridges  capped  by  deposits,  and 
diverging  from  a  common  point;  in  the  intervening  space 
will  be  seen  many  secondary  ridges,  sometimes  1,500  or 
1,800  feet  high,  formed  entirely  of  the  older  rocks,  no  traces 
of  deposits  being  found  on  their  surface  nor  in  the  ravines 
that  lead  from  them. 

"  The  depth  of  these  deposits  is  extremely  variable.  Some- 
times nothing  more  than  a  trace  of  them,  in  the  presence  of 
a  few  round  pebbles  lying  on  the  top  of  a  ridge,  is  found, 
the  valleys  and  ravines  in  the  neighbourhood  containing 
their  disintegrated  elements  in  considerable  quantities. 
In  other  circumstances,  particularly  where  spread  out  over 
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the  elevated  flats,  they  are  of  a  moderate  and  pretty  uniform 
thickness  for  a  considerable  distance,  varying  from  2  to 
3  feet  to  a  few  inches,  aiid  this,  too,  in  positions  where  the 
surface  could  not  have  been  exposed  to  any  great  amount  of 
denudation.  They  are  again  found  many  hundred  feet  in 
thickness,  composed  of  superimposed  strata  of  different 
mineralogical  constitution,  generally  horizontal  and  con- 
formable with  each  other. 

"  The  localities  where  the  deposits  are  met  with  most 
extensively  disclosed,  and  that  have  been  worked,  are  at 
Nevada  and  at  Mokelumne  Hill.  At  the  former  place 
they  form  the  crest  of  a  high  mountain  called  the  Sugar- 
loaf,  full  2,000  feet  above  the  level  of  Deer  Creek,  the 
upper  600  feet  being  formed  entirely  of  diluvial  strata.  At 
Mokelumne  Hill  they  are  also  200  feet  deep,  forming  here 
also  the  summit  of  a  high  and  isolated  mountain.  The. 
elements  of  which  they  are  composed  differ  considerably 
in  different  localities,  although  there  are  through  the  whole 
series  many  points  of  resemblance.  In  the  lower  valleys 
and  flats  between  the  ranges  of  the  lower  hills,  they  appear 
to  consist  of  beds  of  gravel,  containing  occasional  boulders 
of  quartz  and  the  harder  rocks.  On  the  elevated  flats 
higher  up  in  the  mountains  the  surface  of  these  deposits  is 
generally  covered  with  a  reddish  loam,  mixed  with  small 
gravel ;  whilst  reposing  on  the  bed  rock,  and  a  few  inches 
above  it,  is  found  a  stratum  containing  large  boulders  and 
gravels,  the  boulders  being  principally  quartz.  On  the  tops 
of  the  hills  and  the  crests  of  the  ridges,  where  they 
generally  attain  their  greatest  thickness,  we  find  them 
composed  of  many  distinct  strata  lying  nearly  horizontal 
and  conformable  with  each  other,  and  generally  also  with 
the  surface  of  the  underlying  rocks.  In  these  situations  the 
most  superficial  stratum  is  composed  of  a  mass  of  extremely 
hard  conglomerate,  containing  principally  trachytic  rocks, 
imbedded  in  a  hard  argillaceous  cement.  It  is  this  hard 
stratum  that  has  undoubtedly  preserved  the  underlying  beds 
from  the  destructive  influence  which  has  so  powerfully  afted 
on  the  surrounding  rocks. 

"  At  other  points  the  whole  series  consists  of  conglomerates 
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and  soft  friable  sandstone.  In  the  lower  strata,  quartzose 
conglomerates  with  an  argillaceous  cement,  or  loose  quartzose 
gravel  always  prevails,  with  large  boulders  of  quartz,  weighing 
frequently  2  or  3  tons,  having  their  surface  worn  smooth 
and  the  angles  rounded.  The  deposits  of  the  heavier  rocks 
have  been  formed  on  spots  which  were  evidently  lower  than 
the  level  of  the  surrounding  rocks ;  whilst  on  those  parts 
which  were  higher  at  the  time  the  deposits  were  formed,  the 
higher  trachytic  rocks  are  found.  As  far  as  Blake's  researches 
have  extended,  the  more  quartzose  conglomerates  have  been 
invariably  found  on  the  erupted  rocks,  whilst  the  stratified 
rocks  which  they  had  upheaved  were  only  covered  by  the 
trachytic  conglomerates.  The  pebbles  of  which  these  con- 
glomerates are  composed  present  speciinens  of  all  the  harder 
rocks ;  metamorphic  sandstones,  clinkstone,  trap  porphyries, 
.  and  quartz,  make  up  the  larger  part  of  the  mass.  They  are 
all  perfe<5lly  rounded,  but  in  the  lower  deposits  are  so  soft 
that,  with  the  exception  of  the  trap  and  quartz,  they  gene- 
rally fall  to  pieces  on  exposure  to  air.  The  strata,  as  before 
observed,  are  nearly  horizontal  and  conformable ;  if  they 
have  any  dip,  it  appears  to  have  been  owing  to  the  slope  of 
the  surface  of  the  rock  on  which  they  were  deposited ;  in 
fad^,  no  displacement  seems  to  have  taken  place  in  this 
country  since  the  time  of  their  formation.  They  lie  perfeftly 
horizontal  over  the  almost  vertical  edges  of  the  upheaved 
slate  rocks. 

**  As  regards  the  mineral  riches  of  these  deposits,  it  would 
appear  that  gold  is  found  wherever  they  exist.  The  ravines 
coming  from  the  ridges  on  which  they  are  found  are  generally 
extremely  rich,  and  always  contain  gold,  even  in  places  where 
the  deposits  themselves  have  been  worked  without  success. , 
In  some  places  where  they  have  been  worked,  as  much 
as  30,000  dollars  have  been  taken  from  a  claim  of 
15  feet  square,  and  there  are  many  instances  where  10,000 
and  15,000  dollars  have  been  taken  from  claims  of  the  same 
size.  But  few  of  these  rich  spots  have,  up  to  the  present 
time,  been  opened,  yet  there  can  be  no  doubt  but  that  many 
still  remain  to  be  discovered.  Where  the  deposits  are  found 
e:{tending  over  a  large  surface  on  the  elevated  flats,  gold  is 
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always   met   with,   generally  diffused  through   the  gravel 
immediately  above  the  rock  on  which  they  rest." 

2.  Australian  Gold  Mines. — For  the  purpose  of  con- 
veying a  correcftidea  of  the  conditions  underwhich  the  greatest 
quantity  of  the  Australian  gold  occurs,  the  three  following 
plans  have  been  taken  from  Ure's  Didlionary  of  Arts,  ii.,  pp. 
503,  504.     Fig.  180  represents  a  longitudinal  se<ftion  along 

Fig.  180. 


AURiFWii^i^^.  ^UA 


I.  Auriferous  drift.  2.  Boundary  of  workings.  3.  Boundary  fence. 
4.     Creswick's  Creek. 

the  course  of  the  west  quartz  vein  in  the  Clunes  gold  mining 
field.  We  have  here,  as  indicated  by  the  darker  portions  of 
the  wood  cut,  the  quartz  vein  shown  in  seftion,  with  the 
shaft  sunk,  and  the  levels  driven  upon  it.  The  lighter 
portion  of  the  figure  resting  on  the  quartzose  rock  is  an 
auriferous  drift;  and  on  the  left  of  the  seftion  the  great 
basaltic  formation  is  shown. 

Fig.  181  is  a  seftion  of  a  portion  of  the  Ballarat  gold 
field.  It  is  an  east  and  west  sedtion  from  the  Red  Streak 
lead,  across  Post  Office  Hill,  White  Flat,  the  township  of 
Ballarat  West,  and  the  quartz  reef  west  of  the  township ; 
and  it  shows  the  auriferous  drift,  schist,  quartz,  and  basaltic 
formation  of  the  distrift. 

In  those  two  secftions,  therefore,  we  have  shown  all  the 
conditions  of  the  processes  of  mining  on  the  quartz  lodes 
and  in  the  alluvial  deposits. 

Fig.  182  is  a  sedtion  from  the  Boroondara  and  Bulleen 
gold  mines,  a  few  miles  from  the  capital  of  Vidloria.  It  is 
the  east  and  west  secSlion  of  the  Carlton  Estate  quartz  reef. 

Gold  ores  also  occur  in  British  Columbia,  Mexico,  Peru, 
in  different  parts  of  Asia,  Africa,  and  of  Europe. 
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I.  The  town  of  Ballarat  East.  2.  The  main  road.  3.  The  Red  Streak 
lead.  4.  The  Creek.  5.  Old  Post  Office  Hill,  with  quartz  reef.  6.  Basalt 
escarpment  south  of  Golden  Point.  7.  White  flat  recent  auriferous  alluvial 
deposit.  8.  Yarrowee  Creek.  9  and  11,  are  two  shafts  sunk  into  the  ancient 
auriferous  alluvial  deposits.  10.  The  Gravel  Pits  lead.  12.  Quartz  reef  beyond 
the  town  of  Ballarat  West,  shown  in  the  drawing.  B,  is  the  remains  of  a 
lava  stream,  interrupted  by  the  schist  and  clay  slate  hills.  D,  D,  is  the  gravel 
strata  which  invariably  rests  on  the  side  of  the  schist  hills  which  surround 
the  Ballarat  basin. 


SYNOPSIS    OF    PROCESSES    FOR    THE     EXTRACTION    OF 
GOLD  FROM   ITS  ORES. 

All  the  diflferent  methods  for  the  extradlion  of  gold  yield, 
in  the  first  place,  either  argentiferous  gold  or  auriferous 
copper,  and  vary  according  to  the  quality  of  the  ore  (whether 
the  ores  contain  the  gold  in  the  native  or  in  a  combined 
state,  whether  they  are  associated  with  earthy  or  sulphu- 
retted substances,  what  amount  of  gold  they  contain,  &c.) ; 
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the  price  of  materials,  and  local  circumstances  also  decide 
the  applicability  of  certain  methods  to  certain  cases. 

Some  of  the  processes  are  purely  mechanical,  others 
chemical,  and  some  are  a  combination  of  both  kinds,  as  will 
be  seen  by  the  following  review : — 

1.  ExtracStion  of  Gold  by  Washing  the  Ores. — This  is 
the  simplest  and  cheapest  of  the  processes,  and  may  be 
applied  to  gold  sand,  or  earthy  minerals  containing  gold 
more  or  less  compaft  and  in  conspicuous  grains ;  finely 
granulated  earthy  minerals  which  are  neither  aluminous 
nor  calcareous  are  best  adapted  to  this  process.  Ores  con- 
taining gold  in  a  finely  divided  state  or  in  thin  spangles  are 
less  adapted  to  this  method  of  extra(5lion,  as  the  gold  is 
easily  carried  away  by  the  washing  water.  Metallic  sul- 
phides containing  combined  gold  cannot  be  treated  by  this 
process. 

The  yield  of  gold  by  the  washing  process  is  only  imperfedt 
because  part  of  the  gold,  being  in  a  finely  divided  state,  is 
carried  away  by  the  water,  and  another  part  remains  in 
denser  particles  of  sand  and  clay.  The  washed  gold  always 
contains  grains  of  admixtures  of  great  specific  gravity,  such 
as  magnetic  iron  ore,  &c.,  from  which  it  must  be  freed  by  a 
purifying  smelting  with  fluxes  (carbonate  of  potash,  borax, 
saltpetre).  The  main  condition  of  a  perfeft  dressing  of  gold 
.ores  is  the  production  of  grains  of  uniform  size,*  of  the 
gold  as  well  as  of  the  admixtures,  and  as  this  condition  can 
only  be  fulfilled  in  rare  cases,  although  employing  the  most 
perfe<5l  dressing  machines,  the  washing  process  is  always  more 
or  less  imperfeft,  causing  a  loss  of  30  or  50  per  cent  of  gold 
and  more  ;  and  the  richer  the  ore  the  greater  the  loss  will 
be.  The  loss  decreases  if  the  grain  of  the  crushed  ore  is 
uniform,  and  if  a  long  plane  is  employed  for  washing  the  ore. 

Seymourt  has  tried  to  separate  the  gold  by  the  application 
of  a  blast  of  air. 

2.  Amalgamation. — This  process  is  usually  more  profit- 
able than  washing,  giving  a  better  yield ;  the  loss  of  mercury 

* 

*  B.  u.  h.  Ztg.,  1859,  p.  267. 
t  Ibid.,  1855,  p.  381. 
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is  small  if  the  ores,  &c.,  contain  native  gold  but  no  gold  in 
combination,  if  they  are  free  from  lead  and  bismuth,  and  if, 
being  sufficiently  finely  divided,  they  are  kept  for  a  long 
time  in  conta(5l  with  a  large  amount  of  mercury.  As  in  the 
amalgamation  in  barrels,*  a  great  deal  of  the  mercury 
employed  becomes  floured,  gold  millst  are  more  frequently 
used  than  barrels  for  amalgamating  gold.  These  mills 
facilitate  the  conta<5l  of  the  mercury  with  the  gold,  but  the 
contadl  is  usually  not  kept  up  long  enough ;  neither  are  the 
gold  particles  sufficiently  separated  from  the  gangue  if  the 
grinding  and  amalgamation  of  the  gold  ores  are  combined 
and  effedled  in  one  apparatus.  It  is  therefore  advisable  to 
crush  the  ores  separately,  and  to  wash  them  previous  to  sub- 
mitting them  to  the  amalgamation  process. 

Mitchell,!  Becquerelll  and  others  have  proposed  more 
perfedl  apparatus.  Urbas§  recommends  the  employment 
of  hydraulic  pressure  in  the  amalgamation  process,  and 
Wickoff  IT  advises  that  the  finely  divided  ore  should  be  boiled 
under  water  with  half  its  weight  of  mercury. 

Previous  to  amalgamation,  sulphuretted  ores  containing 
combined  gold  are  either  roasted  or  allowed  to  decay  by  the 
influence  of  the  atmosphere ;  sometimes  they  are  amalga- 
mated direft  with  an  addition  of  chemical  reagents.** 

Ores  containing  both  native  and  combined  gold,  are  first 
treated  by  the  amalgamation  process  for  the  extraftion  of 
the  native  gold,  and  afterwards  submitted  to  another  process,' 
which  will  be  described,  to  extra<5l  the  combined  gold. 
Similar  ores  in  Salzburg,  Hungary,  and  Transylvania  are 
first  washed  and  then  amalgamated,  and  in  the  Tyrol  they 
are  first  amalgamated  after  being  finely  divided,  and  then 
washed. 

At  the  same  time,  silver  if  present  in  the  native  state  or 
otherwise  can  only  be  extradled  by  chemical  agents.  Some- 
times an   addition   of   mercury   is    made   when    crushing 

•  B.  u.  h.  Ztg.,  1859,  p.  266,  268.     Berggeist,  1861,  No.  36. 
+  Oesterr.  Ztschr.,  1861,  No.  41. 
t  B.  u.  h.  Ztg.,  1859,  p.  283  ;  1862,  p.  391. 
II  Bgwkfd.,  v.,  52. 
§  Oesterr.*  Ztschr.,  1854,  p.  79. 
H  Polyt.  Centr.,  1858,  No.  16. 
••  B.  u.  h.  Ztg.,  1862,  pp.  83,  138.    Berggeist,  1861.  No.  36. 
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auriferous  and  argentiferous  ores,  thus  extrafting  the  gold ; 
the  argentiferous  residues  are  then  submitted  to  the  American 
amalgamation  process.  Mr.  Crookes's  sodium  amalgamation 
process  is  now  most  advantageously  applied  to  the  treatment 
of  gold  ores. 

3.  Smelting  Processes. — ^Argentiferous  and  auriferous  sul- 
phuretted ores  and  produdls  are  freed  from  the  gold  and 
silver  they  contain  by  fusion  with  lead  compounds.  The 
resulting  auriferous  and  argentiferous  lead  is  cupelled  to 
produce  brightened  silver,  from  which  the  gold  is  extradled 
in  the  wet  way;  sometimes  part  of  the  native  gold  is 
previously  extradled  from  the  ores  by  amalgamation.  Earthy 
ferruginous  gold  ores  are  only  in  rare  cases  smelted  for  the 
produftion  of  auriferous  iron,  and  the  gold  extradled  from 
this  iron  in  the  wet  way. 

Balback  *  advises  a  fusion  of  the  auriferous  and  argenti- 
ferous lead  in  a  reverberatory  furnace  together  with  zinc, 
when  an  alloy  of  gold,  silver,  and  zinc  will  be  formed,  from 
which  the  lead  may  be  liquated. 

Lead  is  an  excellent  agent  for  extradling  gold  in  the 
native  as  well  as  in  the  combined  state,  but  fusion  takes 
place  quickly,  preventing  a  perfedl  extradlion,  and  leaving 
the  slag  more  or  less  rich  in  gold ;  so  that  the  process  must 
be  several  times  repeated  with  the  intermediate  produfts, 
causing  a  great  loss  of  metal  (chiefly  lead),  and  great  ex- 
pense for  fuel  and  labour. 

Ores  containing  combined  goldt  to  the  amount  of  0*0024 
per  cent  cannot  be  profitably  fused  with  lead  even  could  they 
be  raised  without  mining  cost,  and  they  require  a  previous  pre- 
paration to  concentrate  the  gold,  if  the  nature  of  the  ores 
admits  of  it.  Ores  still  poorer,  and  containing  from  o'ooi 
to  0*002  per  cent  of  gold  must  be  submitted  to  a  previous 
concentration  smelting  with  iron  pyrites,  but  this  smelting 
causes  a  great  loss  of  gold  in  the  slags,  a  loss  which  is 
increased  the  more  difficult  they  are  to  fuse,  as  gold  partly 
enters  the  matt  mechanically,  and  not  alone,  like  Filver, 

•  B.  u.  h.  Ztg.,  1864,  p.  394. 
t  Karst.,  Metallurgie,  iv.,  654. 
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in  chemical  combination.  Part  of  the  gold  present  in  the  matt 
appears  to  be  chemically  combined  with  sulphide  and  anti- 
monide  of  silver,  and  is  only  liberated  by  the  roasting 
process  ;*  if  only  containing  0*0005  per  cent  of  gold,  these 
slags  still  are  richer  than  some  minerals  which  are  profitably 
treated  either  by  the  washing  process,  or  by  amalgamation 
for  the  extradtion  of  their  contained  gold.  The  Abyssinian 
gold  sand,  for  instance,  contains  only  0*000434  per  cent  of 
gold,  yet  is  profitably  treated  by  the  washing  process, 
although  entailing  a  great  loss  of  gold.  The  presence  of  silver 
in  the  ores  has  no  essential  influence  on  the  concentration 
of  gold  in  matt. 

Poor  gold  ores  containing  other  valuable  metals,  such  as 
silver  and  copper,  in  such  quantity  as  to  be  profitably  ex- 
tracted, are  submitted  to  a  suitable  smelting  process,  with* 
out  taking  special  care  for  the  small  amount  of  gold  which 
frequently  colledts  in  the  produced  silver  or  black  copper 
in  such  quantity  as  to  make  its  extradtion  profitable.  For 
instance,  gold  is  produced  from  the  ores  on  the  Altai  con- 
taining f  oz.  of  silver  per  cwt.,  and  o'ooojSi  per  cent  of 
gold,  from  ores  at  Kremnitz  containing  0*0005  P^r  cent  of 
gold  when  raw,  and  0*0015  per  cent  in  a  dressed  state.  The 
ores  at  Nagyaga  contain  from  0*00088  to  0*0048  per  cent, 
and  the  ores  from  the  lower  Hartz  only  contain  1-6,573,200 
per  cent  of  gold. 

When  lead  ores  poor  in  gold  are  smelted  in  reverberatory 
fumacest  most  gold  colledts  in  the  lead  which  is  first  tapped 
off,  and  the  gold  may  sometimes  be  extradted  from  it  with 
profit. 

4.  Extradtion  of  Gold  by  Solution  and  Precipitation. 
These  methods  are  applied  when  none  of  the  preceding 
processes  are  applicable,  owing  to  the  very  small  amount  of 
gold  present,  or  to  its  combined  state,  or  if  the  extradtion  of 
silver  and  gold  together  is  attempted. 

Of  all  reagents  for  extradting  gold  and  silver  at  the  same 
time,  lead  is  the  most  efiedtive,  but  until  lately  no  reagent 
was  known   for  dissolving  both   metals,  and   complicated 

•  Oesterr.  Ztschr.,  1857,  P-  33^' 
f  B.  u.  h.  Ztg.,  i860,  p.  360. 
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processes  were  required  to  separate  the  metals  and  extraft 
them  one  after  the  other.  Patera*  discovered  such  a  reagent, 
namely,  concentrated  solution  of  common  salt  saturated  with 
chlorine  gas,  which  dissolves  both  these  metals,  whether 
alloyed  or  in  ores.  A  similar  method  is  proposed  by 
Rosznert,  but  he  first  extradts  most  of  the  chloride  of 
silver  with  hot  solution  of  salt,  and  afterwards  the  remaining 
silver  and  gold  by  an  alternate  treatment  of  cold  solution 
of  common  salt  containing  chlorine,  and  of  hot  solution  of 
common  salt. 

The  chief  modes  at  present  adopted  for  extradling  gold 
may  be  classified  under  the  three  following  divisions : — 

I.  Produ(5tion  of  Argentiferous  Gold. 
This  division  may  be  subdivided  again  into — 

1.  ExtracSlion  of  Gold  from  Gold  Sand,  which  is  done  in 
America,  South  Australia,  China,  Russia,  on  the  Rhine,  &c., 
by  a  mere  washing  either  by  hand  or  in  machines.  The  gold 
sand  is  washed  and  amalgamated,  in  Hungary,  Transylvania, 
Banat,  Russia,  Portugal,  Brazils,  Thibet,  &c. ;  and  in  Siberia 
it  is  smelted  in  cupola  furnaces  for  the  produftion  of  auriferous 
pig-iron  from  which  the  gold  is  extradled  by  means  of  acids. 

2.  Extra<5lion  of  Gold  from  Earthy  Ores. — Auriferous 
quartz  in  Mexico,  California,  Brazils,  Transylvania,  &c., 
is  crushed  by  stamping  or  rolling  mills,  and  washed  and 
amalgamated.  In  Transylvania  auriferous  Diirr  ores  are 
smelted  with  iron  pyrites,  producing  an  auriferous  matt, 
from  which  the  gold  is  extradted  by  a  fusion  with  lead. 

3.  ExtracSlion  of  Gold  from  Sulphuretted  Ores. — 
In  Marmato,  iron  pyrites  is  allowed  to  decay  by  atmo- 
spheric influence  and  then  washed ;  in  the  Tyrol,  Salzburg 
and  Schemnitz,  the  ores  are  washed  and  amalgamated ;  in 
Hungary^  the  Lower  Hartz,  Transylvania,  and  Lend, 
auriferous  copper,  silver,  and  lead  ores  are  fused  with  lead. 
At  Reichenstein  and  Schemnitz,  the  ores  are  dissolved  and 
precipitated  by  Plattner's  method ;  at  Arany  Idka,  the  ores 
are  treated  by  the  methods  of  Kiss,  Patera,  and  Roszner  ; 

•  Oesterr.  Ztschr.,  1863,  pp.  165,  243. 
+  Ibid.,  1863,  pp.  I93»  211.  220,  316. 
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and  at  Freiberg,  Chessy,  and  Colorado,  the  method    of 
lixiviating  with  sulphuric  acid  is  followed. 

II.  Separation  of  Gold  from  Silver. 

This  separation  is  effedted  in  the  dry  way  either  by  a 
fusion  with  grey  antimony  ore,  or  by  cementation  with  a 
chlorine  compound  ;  it  is  effected  in  the  wet  way  by  means 
of  nitric  acid,  sulphuric  acid,  or  aqua  regia. 

III.  Separation  of  Gold  from  Copper. 

The  auriferous  copper  is  either  fused  with  lead  and 
liquated,  or  cupelled  with  lead.  At  Sept^mes  it  is  treated 
with  boiling  concentrated  sulphuric  acid,  and  at  Oker  with 
hot  dilute  sulphuric  acid.  At  Swansea,  Plattner's  method  is 
used. 

I.  PRODUCTION  OP  ARGENTIFEROUS  GOLD. 

X.  Extradtion  of  Gold  from  Gold  Sand. 

The  largest  amount  of  gold  is  produced  from  gold  sand  or 
from  auriferous  rocks  or  minerals  which  have  been  decayed, 
and  which  extended  over  large  distridls.  The  amount  of 
gold  this  sand  should  contain  to  make  its  working  profitable 
varies  in  different  localities,  and  has  no  fixed  limit,  but  is 
decided  by  experience. 

The  gold  sand  on  the  Ural,  from  which  a  considerable 
quantity  of  gold  is  produced,  contains,  on  an  average,  only 
0*000005  per  cent  of  gold,  and  may  be  worked  when  con- 
taining only  o'oooooi  per  cent.  The  sand  worked  on  the 
Rhine*  contains,  on  an  average,  0*00000032  per  cent  of  gold, 
and  the  richest  sand  contains  five  times  less  than  the  sand 
in  Siberia  and  ten  times  less  than  that  in  Chili.  The  sand  of 
the  Rhine  is  considered  profitable  if  containing  0*00000012  per 
cent  of  gold,  whilst  sand  in  Siberia  containing  o'oooooi  per 
cent  is  considered  unprofitable. 

Five  tons  of  Siberian  sand  yielded  from  0*38  to  1*50  02s. 
of  gold,  and  5  tons  of  Califomian  sand,  2^  02s.  of  gold. 

*  v.  Dbchen,  SUtiBtik.  d.zollv.  Deutchl.,  1*1 758.  Bgwkfd.,  xi.,43,  3C7,  713. 


Digitized  by  VjOOQIC 


EXTRACTION   OF  GOLD   BY  WASHING   GOLD   SAND.      623 

According  to  Von  Cotta,  50  tons  of  gold  ores  in  Salzburg  and 
the  Tyrol  (auriferous  quartz  and  pyrites)  contain  gold  worth 
about  ;f 47;  50  tons  of  ore  at  Monte  Rosa  contained  gold 
worth  from  ;f 80  to  ;f 3,400 ;  on  the  Ural  (gold  sand)  ;f 3,000 ; 
and  gold  sand  in  California  from  3^30,000  to  ;f39,ooo. 

The  amount  of  chemically  pure  gold  in  washed  gold  varies 
in  different  localities.  The  Siberian  gold  contains  fron  84  to 
94  per  cent ;  Bomean  from  82*9  to  937  per  cent ;  and 
Califomian,  from  89*2  to  89*7  per  cent.  Gold  from  the 
Rhine  contains  93*4  per  cent  of  gold,  6'53i  per  cent  of  silver 
and  0*069  per  cent  of  platinum  ;  gold  from  Altai,  8673  per 
cent  of  gold  and  I2'69  per  cent  silver;  from  Nertschinsk 
93*25  per  cent  of  gold  and  3*37  per  cent  of  silver.  Gold 
from  the  Gongo-Soco  mine  in  Brazil  contains  84  per  cent  of 
gold,  4*^5  per  cent  of  silver,  3*1  per  cent  of  palladium,  2'6  per 
cent  of  platinum,  and  a  trace  of  iridium.  Gold  from  Tangier 
in  Nova  Scotia  contains  98'i3  per  cent  of  gold,  176  per  cent 
of  silver,  0*05  per  cent  of  copper,  and  a  trace  of  iron. 

ExtracSlion  of  Gold  by  Washing  Gold  Sand. — ^The 
washing  of  gold  sand  is  either  effefted  by  hand  in  gourds* 
or  in  wooden  dishes  and  troughs,  or  the  sand  is  made  to 
pass  over  hidest  by  means  of  a  stream  of  water ;  the  gold  is 
then  entangled  in  the  hairs  of  the  hides,  and  is  concentrated 
by  a  further  washing  (Brazils) ;  strakesj  provided  with  cross 
gutters  (Sardinia)  or  coated  with  cloth  are  sometimes  used 
for  washing  the  sand.  The  cradle, ||  Long  Tom,§  and  in  fadl 
all  known  apparatus  are  used  in  California  and  Australia. 
The  hydraulic  method  of  mining  is  also  used  in  California  ;1T 
a  strong  jet  of  water  is  condudled  against  the  alluvial 
banks  to  loosen  them,  and  the  washed  off  mass  is  made  to 
pass  through  settling  cisterns.  Sometimes  gold  washing  is 
profitable  only  as  an  addendum  to  other  metallurgical 
works.** 


•  Ru88cgger»8  Reisen,  iii.,  313,  727,  747. 
f  B.  u.  h.  Ztg.,  1859,  p.  258. 
J  Ibid.,  1863,  p.  342. 
Ibid.,  1862,  p.  278. 


I  Ibid.,  1862,  p.  278. 


Ibid.,  i860,  p.  120. 
Oesterr.  Ztschr.,  1856,  p.  25  ;  1859,  No.  10. 
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The  loss  of  gold  is  very  large  in  the  rougher  methods  of 
washing.  Gold  sand*  is  washed  in  America,  (Brazil,  Cali- 
fornia, &c.)»  Australia,  China,  Siberia,  on  the  Rhine,  Silesia, 
Bavaria,  Schwarzburg-Rudolstadt,  Bohemia,  Salzburg, 
Carinthia,  Hungary,  Transylvania,  Ural,  Baden,  Sardinia, 
Bolivia,  &c. 

Experiments  made  at  Siberia  have  shown  that  the  gold 
sand  contains  131  times  more  gold  than  is  obtained  from  it 
by  the  common  method  of  washing. 

ExtracSlion  of  Gold  by  Washing  and  Amalgamating 
Gold  Sand. — This  method  is  much  more  perfe<ft  than  the 
mere  washing  operation,  and  the  point  is  to  ascertain  experi- 
mentally how  much  the  sand  should  be  washed  in  order  to 
produce  a  schlich  sufficiently  concentrated  for  treatment 
with  mercury.  The  amalgamation  is  usually  eflfedled  in 
stone  or  iron  vessels,  by  grinding  i  part  of  sand  and  2  parts 
of  mercury  by  means  of  a  wooden  pestle  till  pradlice  shows 
that  the  gold  has  combined  with  the  mercury.  The  separated 
amalgam  is  pressed  through  bags  of  canvas  or  leather,  and 
the  compaft  amalgam  heated  either  in  the  open  fire  or  in 
some  closed  apparatus  (bell  apparatus  or  retorts).  A  dis- 
tilling furnace  is  construdled  simply  by  putting  a  perforated 
clay  or  iron  plate  upon  a  round  vessel  filled  with  water, 
and  placing  the  amalgam  upon  the  plate;  a  crucible  is  then 
inverted  over  the  amalgam,  and  luted  to  the  vessel  standing 
beneath.  On  heating  the  crucible  by  a  surrounding  fire  of 
coal,  the  mercury  distils  and  condenses  in  the  water  of  the 
lower  vessel.  The  remaining  gold  is  then  thoroughly  heated 
on  an  iron  plate  and  melted  in  a  plumbago  crucible,  either  by 
itself  or  with  an  addition  of  borax.  Neutral  borate  of  sodat 
is  said  to  be  a  better  flux  than  borax. 

The  residue  from  the  amalgamation  is  usually  auriferous 

•  B.  u.  h.  Ztg.,  1842,  pp.  148,  289,  837 ;  1844.  p.  567 ;  1845,  pp.  713.  755 ; 
1846,  p.  614;  1847,  PP-  705.  749;  1850,  pp.  52»  88,  159,  495;  1852,  p.  529; 
1853,  pp.  173.  273 ;  1854,  No.  26 ;  1863.  p.  342.  Bgwkfd.  i.,  373 ;  ii.,  494 ; 
xi.,  43,  307,  713  ;  xii.,  395,  767,  783,  800 ;  xiii.,  26,  197,  256,  288,  351,  371,  398, 
575»  59i»  822 ;  xiv.,  i,  31, 46;  xv.,  31,  382,  409, 481,  799  ;  xvL,  17,  48.  Ann.  d. 
Min.,  I  s^r.,  ii.,  199;  2  s^r.,  i.,  178;  iii.,  283  ;  i  livr.,  de  1843,  P*  ^9 ;  4  s^r., 
xvi.,  127;  1858,  livr.  I,  p.  155.  Karst.,  Arch.,  xvii.,  321.  Pogg.,  Ixxviii.,  96. 
DiNGL.,  Bd.  12,  p.  116;  Bd.  114,  p.  287.     Erdm.,  J.  f.  pr.  Ch.,  xlvi.,  405. 

•f  Zcitschr.  f.  d,  Ocstr.  B.  u.  Huttenw..  1854,  p.  50. 
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EXTRACTION  OF  GOLD  FROM  EARTHY  MINERALS.    6a5 

and  sometimes  worth  dressing  and  amalgamating  again. 
Peculiar  apparatus  for  amalgamation  have  been  construfted 
by  Kleimenow*  and  Okladnie.t 

This  mode  of  amalgamation!  is  or  has  been  pradlised 
in  Hungary,  Transylvania,  Russia,  Portugal,  Brazils,  Thibet, 
Guinea,  &c. ;  amalgamation  in  barrels  is  also  used  in  Siberia.  H 
The  schlich,  concentrated  by  washing,  and  still  containing 
magnetic,  titanic,  and  chrome  iron  ore,  is  roasted  with 
common  salt,  ground  and  treated  in  rotating  casks  with 
from  o"05  to  o'z  of  its  weight  of  mercury,  0*05  of  iron  filings, 
and  the  same  quantity  of  sulphuric  acid  and  water. 

Extra(5tion  of  Gold  by  Smelting  the  Gold  Sand. — 
Anossow§  tried  to  smelt  Siberian  gold  sand  with  fluxes, 
in  iron  blast  furnaces,  for  the  production  of  auriferous 
pig  iron,  and  then  to  extraft  the  gold  by  sulphuric  acid. 
These  trials  show  that  the  smelting  produced  twenty-eight 
times  as  much  gold  as  the  common  washing ;  smelting  in  a 
copper  ore  furnace  yielded  even  eighty-seven  times  more  gold. 

UlrichlT  recommends  that  in  certain  cases  auriferous  and 
ferruginous  quartz  should  be  smelted  for  the  produdlion  of 
auriferous  pig  iron. 

2.  Extradtion  of  Gold  from  Earthy  Minerals. 

These  ores  may  be  worked  by  the  following  methods  : — 

a.  By  Crushing  and  Washing  the  Ores. — Auriferous 
quartz,  &c.,  when  not  too  poor,  are  crushed  by  stamping 
mills,  and  washed  over  strakes ;  according  to  Hocheder  the 
loss  of  metal  is  from  40  to  50  per  cent. 

b.  By  Crushing,  Washing,  and  Amalgamating  the 
Ores. — ^The  ore  (auriferous  quartz)  is  either  crushed  and 
amalgamated  in  one  apparatus  (Mexican  Arrastra,  Berdan's 

•  Bgwkfd.,  xvii.,  565.     B.  u.  h.  Ztg.,  1855.  p.  62. 
f  Bgwkfd.,  xxi.,  No.  4. 
+  Ibid.,  1854,  p.  50. 
II  Berggeist,  x86i,  No.  36. 

§  Bgwkfd.,  i.,  478.    Karst.,  Arch.,  2  R.,  xi.,  406.    Lamp.,  Fortschr.,  1839, 
p.  220. 

f  Bgwkfd.,  iii.,  286. 
VOL.  1.  2  S 
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machine,*  &c.),  or  a  different  apparatus!  is  employed  for 
each  operation ;  if  necessary,  the  ores  are  washed  previous 
to  amalgamation,  which  is  usually  performed  in  mills,  seldom 
in  rotating  casks.  Sometimes  the  quartz  is  burned  previous 
to  its  crushing,  but  this  is  said  to  cause  a  volatilisation  of 
gold.  Though  this  method  of  extradlion  is  more  perfeft 
the  residues  are  rich  in  gold,  as  the  crushing  of  the  quartz 
beats  the  gold  into  the  form  of  scales  or  spangles,  which 
are  easily  carried  away  by  the  water,  and  as  the  efficacy  of 
the  amalgamation  process  is  impaired  by  its  rapidity,  and 
by  the  difference  in  proportions  of  gold  and  quarts;;  this 
difference  causes  the  residues  of  poor  ores  to  be  richer  in 
gold  than  the  residues  of  rich  ores ;  Mitchell's  apparatus  is 
said  to  be  free  from  many  of  these  disadvantages. 

Illustrations  of  the  Extradtion  of  Gold  from  Auriferous 
Quartz. 

In  Mexico t  the  gold  ores  are  ground  in  arrastras  such  as 
are  used  in  the  amalgamation  of  silver  ores  (p.  336) ;  water 
and  mercury  are  added  to  the  grinding  mass.  The  formed 
amalgam  is  from  time  to  time  tapped  off  and  distilled  in 
retorts ;  this  mode  of  dividing  or  grinding  the  ores  is  both 
slow  and  expensive.  A  similar  method  with  edge  stone 
mills  is  used  in  Chili,  ||  but  the  yield  is  only  33  per  cent  of 
the  gold  contained  in  the  ores,  and  the  loss  of  mercury  is  con- 
siderable. In  Sardinia§  mills  with  horizontal  stones  are  used. 

In  CalifomialT  and  Australia**  auriferous  quartz  is  usually 
pounded  under  stamps,  washed  and  amalgamated  in  mills, 
or  amalgamated  previous  to  washing.  The  smallest  amount 
of  grease  hinders  the  combination  of  the  gold  with  mercury. 
Large  masses  of  ore  containing  5  pennyweights  per  ton 
of  washed  out  gold  are  profitable  when  judiciously  treated, 
as  the  working  of  i  ton  of  ore  costs  less  than  12s. 

•  B.  u.  h.  Ztg.,  1851,  p.  416;  1854,  p.  30.    Dingl.  Bd.  133,  pp.  420,421,  424. 

f  Ibid.,  1859,  p.  183 ;  1861,  p.  208.    Oesterr.  Ztschr.,  i860,  No.  50. 

X  B.  u.  h.  Ztg.,  1859,  p.  266 ;  1840,  p.  291. 

II  Ibid.,  1862,  p.  279. 

§  Ibid.,  1863,  p.  342. 

IT  Preuss.  Ztschr.,  iv.,  144. 

**  B.  u.  h.  Ztg.,  1859,  p.  183  ;  1862,  p.  291. 
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In  Brazil*  finely  pounded  auriferous  quartj?  is  passed  with 
water  through  a  copper  sieve,  and  then  over  cow-hides,  which 
are  washed  every  two  hours,  and  the  concentrated  mass,  in 
quantities  of  ^  ton,  together  with  water  and  mercury,  is  made 
to  rotate  in  casks  for  from  12  to  30  hours,  the  casks  making 
18  revolutions  per  minute.  Then  more  water  is  added  and 
the  casks  are  turned  at  a  slower  rate  to  unite  the  floured 
mercury,  and  the  amalgamation  is  finished  as  if  treating 
silver;  by  this  tedious  process  the  yield  of  gold  is  from 
60  to  70  per  cent. 

In  Transylvania!  the  gold  ores  containing  little  or  no 
silver  are  finely  powdered  in  stamping  mills,  and  washed  on 
strakes;  the  resulting  gold  schlich  is  washed  in  a  hand- 
trough  and  amalgamated  in  mortars.  Gold  and  silver  ores 
from  which  part  of  the  gold  can  be  extradled  by  dressing 
or  amalgamation,  are  pounded,  and  the  finely  powdered  ore 
is  condudled  over  strakes  covered  with  canvas,  or  passed 
through  amalgamation  mills  to  extradl  part  of  the  native 
gold  previous  to  a  further  dressing  and  smelting  of  the 
ores.  This  preparatory  treatment  is  very  inexpensive,  and 
frequently  concentrates  the  gold  sufficiently  to  pay  the  cost 
of  dressing  and  smelting. 

In  various  parts  of  the  Tyrol  strakes  have  been  replaced 
by  amalgamation  mills.  Ores  containing  from  2^  to  4  ozs.  of 
gold  yield  ^  oz.  more  gold  when  treated  by  the  mills. 
But  as  50  tons  of  ore  consume  1^  lbs.  of  mercury,  which  con- 
sumption depends  more  on  the  quantity  than  on  the  quality 
of  the  ores,  mills  are  only  profitable  when  the  ores  contain 
a  certain  percentage  of  gold,  which  must  not  be  too  small ;  if 
the  amount  is  too  high,  the  gold  is  not  sufficiently  exposed  to 
the  adlion  of  the  mercury,  and  the  strakes  give  a  better 
yield,  especially  if  their  length  is  suitable.  When  treating 
rich  ores  in  mills  the  muddy  water  is  conduced  over  a 
strake,  after  having  passed  three  mills. 

c.  By  Smelting   Poor   Earthy  Gold  and  Silver  Ores 
with  Iron   Pyrites,  and  treating    the   Resulting   Matt 

*  B.  u.  h.  Ztg.,  1859,  p.  266. 

f  Bgwkfd.,  X.,  214.    Oesterr.  Ztschr.,  1858,  pp.  33,  54. 
2   S   2 
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with  Lread. — At  Offenbanya*  in  Transylvania  poor  argenti- 
ferous and  auriferous  ores  have  part  of  their  gold  extracted 
either  by  dressing  or  by  gold  mills,  and  are  smelted  with 
iron  pyrites  for  the  produftion  of  raw  matt ;  the  matt  is 
then  roasted  and  re-melted  with  ores  moderately  abundant 
in  metal ;  the  enriched  and  roasted  matt  is  smelted  with 
rich  ores,  and  the  matt  resulting  from  this  smelting  is 
tapped  off  into  an  outer  crucible,  and  fused  whilst  liquid 
with  lead  poor  in  silver.  The  remaining  lead  is  strongly 
roasted  and  smelted  with  rich  ores  containing  copper  pyrites 
until  it  is  converted  into  copper  matt,  when  it  is  added  to 
the  copper  smelting  process. 

At  Szalathnat  rich  Dttrr  ores,  containing  noble  metals, 
pyrites,  and  earths,  are  treated  as  the  rich  ores  in  Offen- 
banya ;  but  plumbiferous  and  auriferous  ores  are  smelted  in 
admixture  with  lead  produdls  for  the  produftion  of  auriferous 
raw  lead  and  matt.  At  Offenbanya  this  matt  is  then  treated 
with  metallic  lead  for  extradling  its  gold  and  silver.  The 
richest  gold  ores  only  are  smelted  with  so  large  an  addition 
of  lead  fluxes  as  to  combine  all  the  noble  metals  with  lead, 
and  to  produce  a  poor  matt. 

Longmaidt  has  suggested  a  method  for  the  extraction  of 
gold  which  occurs  disseminated  in  rocks.  The  pounded  ores 
are  passed  through  a  sieve  having  at  least  three  holes  per 
square  inch  ;  the  fine  ore  which  has  passed  through  the 
sieve  is  then  mixed  with  roasted  iron  pyrites,  peroxide  of 
of  iron,  limestone,  and  fluor  spar,  and,  after  grinding,  the 
mixture  is  smelted  in  a  reverberatory  furnace,  when  the 
greater  part  of  the  gold  will  precipitate,  and  part  of  it  enter 
the  slag.  On  dipping  an  iron  plate  into  the  slag,  gold 
deposits  upon  its  surface,  and  on  dipping  the  red-hot  plate 
into  fused  lead  the  gold  is  dissolved  off  by  the  lead. 

3.  ExtracSlicn  of  Gold  from  Sulphuretted  Ores. 
The   sulphuretted   ores  sometimes  containing  gold   are 
chiefly  iron  pyrites,  arsenical  pyrites,  and  various  copper, 
antimonial,  zinc,  and  lead  ores.    The  processes  employed 

*  Bgwkfd.,  iii.  286 ;  iv.,  62  ;  x.,  209. 
+  Ibid.,  X.,  231. 

♦  B.  u.  h.  Ztg.,  1853,  p.  268. 


Digitized  by  VjOOQIC 


for  extradling  gold  from  sulphuretted  ores  differ  according 
to  the  amount  of  gold  contained  in  them,  and  the  state  in 
which  the  gold  occurs,  whether  in  a  native  or  a  combined 
form,  or  whether  in  both  states  at  the  same  time.  The 
processes  are  also  influenced  by  local  circumstances ;  lead 
is  an  excellent  agent  for  extradting  gold  in  both  states,  and 
it  extrafts  the  silver  at  the  same  time,  but  it  has  the  dis- 
advantages mentioned  on  page  619.  Mercury  extracts  the 
native  gold  only;  the  combined  gold  requires  a  previous 
redu(5lion  either  by  roasting  the  iron  pyrites,  or  by  allowing 
it  to  decay.  Storer  and  Whelpley*  recommend  roasting 
finely  divided  pyrites  by  Gerstenhofer's  methodt  in  a  furnace 
in  which  the  ore  is  suspended  in  an  atmosphere  of  hot  air 
and  steam,  when  it  oxidises  and  falls  into  water,  which 
dissolves  the  formed  sulphates ;  the  residue  is  amalgamated. 

Other  processes  in  the  wet  way  require  the  gold  to  be  present 
either  in  the  metallic  state  or  as  a  chloride,  and  must  there- 
fore be  subjefted  either  to  an  oxidation  roasting  (Plattner's 
method),  or  a  chlorination  roasting  (methods  of  Kiss,  Roszner, 
and  Patera) ;  in  the  latter  case  gold  and  silver  may  be  ex- 
tradled  at  the  same  time. 

When  roasting  auriferous  metallic  sulphides  and  arsenides 
the  metallic  gold  remains  in  the  roasted  mass  in  a  very 
finely  divided  state.  PlattnerJ  found,  when  roasting  such 
substances  at  different  temperatures,  and  for  shorter  and 
longer  times,  that  a  loss  of  gold  takes  place  when  the 
roasting  is  condudled  very  briskly ;  sublimation  of  gold  and 
volatilisation  of  oxidised  gold  do  not  take  place ;  but  the 
volatile  roasting  produfts  carry  off  fine  particles  of  gold. 
Aidarowll  confirms  the  non-volatilisation  of  gold  in  the 
roasting  of  raw  matt ;  Winkler§  found  the  loss  of  gold  to  be 
from  3"4  to  4  per  cent,  when  roasting  auriferous  mixtures  on 
a  small  scale.  V.  Tscheifkin  states  that  he  has  ascertained 
the  loss  of  gold  to  be  from  32  to  100  per  cent,  and  that  of 
silver  from  2J  to  28  per  cent  when  roasting  auriferous  and 

♦  B.  u.  h.  Ztg,  1864,  p.  392. 

f  Ibid.,  1864,  p.  6. 

X  Plattner*s  Rostprocesse,  p.  127. 

II  Bgwkfd.,  xviii.,  i. 

§  Lamp.,  Fortschr.,  1839,  p.  58. 
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argentiferous  raw  matt  in  mounds  and  in  reverberatory 
furnaces ;  but  these  investigations  seem  to  be  erroneous. 

Eisner*  placed  a  sample  of  gold  upon  a  piece  of  glazed 
porcelain,  and  exposed  it  to  the  iire  of  a  porcelain  furnace ; 
he  found  upon  the  porcelain  a  distinctly  yellow  coloured 
deposit,  which  the  microscope  showed  to  consist  of  globules 
of  fused  gold. 

Napiert  considers  gold  to  be  volatile  at  a  very  high 
temperature  ;  it  also  volatilises  when  re-melted  in  crucibles, 
especially  when  combined  with  copper.  If  the  fused  gold 
has  been  covered  with  a  layer  of  bone  ash,  the  ash  will 
be  coated  with  volatilised  gold  of  a  purple  colour.  The 
microscope  does  not  reveal  globules  of  gold  in  this  coating, 
but  grains  of  gold  may  be  obtained  by  smelting ;  so  that  the 
question  of  whether  gold  is  volatile  in  a  finely  divided  state 
or  in  combination  is  still  unanswered. 

According  to  Deville,!  gold  volatilises  when  melting 
auriferous  platinum,  and  may  be  colle(5ted  by  condensing  the 
gold  vapour. 

a.  Extrad^ion  of  Gold  by  Washing  Decayed  Pyrites. — 
According  to  BoussingaultandBecquerel,li  from  frds  to  Jths 
of  the  gold  are  lost  when  washing  raw  pyrites,  and  the  loss 
increases  if  the  ores  are  not  washed  in  a  very  finely  divided 
state.  At  Marmato§  in  Brazils,  pyrites  containing  o*02 
per  cent  of  gold,  is  treated  in  the  following  manner : — 

The  ores  are  ground  and  washed  ;  the  concentrated  mass 
is  allowed  to  decay  and  then  washed  again,  and  gold  is 
extradted  by  a  repeated  washing  and  decaying. 

b.  £xtra(5lion  of  Gold  from  Sulphuretted  Ores  by 
Washing  and  Amalgamating. — The  ores  are  usually 
washed  in  the  raw  state,  and  amalgamatedlT  for  the  extradtion 
of  the  native  gold  (mill  gold),  the  remaining  gold  and  silver 
are  then  extracted  by  fusion  with  lead.  In  rare  cases,  the 
ores  are  washed,  roasted,  and  amalgamated. 

•  Polyt.  Centr.,  1859,  No.  5,  p.  317. 
t  Ibid.,  1858,  No»  14,  p.  967. 
J  DiNOL.,  div.,  138. 
li  Bgwkfd.,  v.,  50. 

§  Ann.  d.  min.,  2  s^r.  i.,  319.    Erdm.,  J.  f.  pr.  Ch.,  i.,  490.     Karst.  Arch., 
2  R.,  xvii.,  176. 
f  B.  u.  h.  Ztg.,  1857,  PP-  205,  210.     Polyt.  Centr.,  1857,  P-  »46'- 
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Extensive  experiments  have  been  made  at  Schemnitz,* 
with  the  view  of  ascertaining  whether  it  is  more  profitable  to 
extraft  all  the  gold  by  a  mechanical  dressing  and  fusion 
with  lead,  and  do  away  with  the  extraftion  in  the  mill ;  the 
results  were  in  favour  of  the  mill  amalgamation,  chiefly  with 
regard  to  the  3deld  of  metal. 

The  amalgamation  t  is  either  efifefted  at  once,  with  the 
muddy  water  resulting  from  the  stamping  mills,  and  a  further 
dressing  afterwards  performed  (Tyrol,  Schemnitz),  or  the 
pounded  ore  is  fully  dressed  and  the  resulting  schlich  is 
amalgamated  (Salzburg).  Friable  ores  poor  in  schlich  are 
better  adapted  to  the  former  process,  whilst  ores  rich  in 
schlich  are  best  treated  by  the  Salzburg  method ;  the  loss  of 
gold  is  sometimes  lessened  by  combining  both  methods. 

The  constru(5lion  of  amalgamating  mills!  varies  somewhat 
in  different  localities ;  in  the  Tyrol  the  mills  make  i8  or  20 
revolutions  per  minute  and  are  charged  with  50  lbs.  of 
mercury ;  the  muddy  water  has  rather  a  thick  consistence, 
and  the  amalgam  formed  is  removed  from  the  mills  every 
month.  In  treating  schlich  the  Salzburg  mills  make  from 
80  to  90  revolutions  per  minute  and  are  charged  with  3  or 
4  lbs.  of  mercury,  on  account  of  the  greater  velocity  of  the 
mills  which  would  otherwise  cause  loss  of  mercury;  mercury 
is  gradually  added  till  a  mill  contains  10  or  12  lbs. 

The  muddy  water  is  passed  either  through  one  or  two 
mills,  seldom  through  more  than  two ;  usually  the  mercury 
remains  in  the  mills  till  it  is  saturated  with  gold.  For  the 
perfeft  extradtion  of  the  mill  gold,  Sennhofer||  employs 
mercury  obtained  by  distilling  the  liquid  amalgam  from  the 
mills ;  this  method  is  more  valuable  when  extra<5ling  mill 
gold  than  when  treating  schlich.  Urbasz§  conducts  the 
muddy  water  beneath  the  mercury ;  other  methods  proposed 
by  Lill  and  Sennhofer  gave  unsatisfadtoiy  results. 

*  Oesterr.  Ztschr.,  1854,  p.  2.  Rittxnger'b  Erfahr.,  1854,  p.  39 ;  1858,  p.  29. 
f  Leoben.  Jahrb.,  1857,  ^i**  ^M* 

I  Ibid.,  1857,  vi.,  217,  224.    Oesterr.  Ztschr.,  1861,  No.  41 ;  1856,  No.  28. 

II  Oesterr.  Ztschr.,  1854,  p.  34 ;  1856,  p.  285.     Berggeist,  1859,  No.  4. 
)  Oesterr.  Ztschr.,  1856,  p.  287. 
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GOLD. 


Illustrations  of  the  Process  of  Washing  and  Amalga- 
mating Sulphuretted  Ores. 

At  Schemnitz,*  lead  ores  containing  from  5  to  10  ozs. 
of  mill  gold  per  50  tons,  and  3  or  4  lbs.  of  silver  ores  in 
50  tons,  are  pounded,  and  the  muddy  water  of  the  pounding 
mill  is  made  to  pass  through  two  mills  which  are  connedted 
with  each  other.  The  mills  are  represented  by  Figs.  183  and 
Fig.  183.  Fig.  184. 


184.  a,  a,  are  cast  iron  vessels,  6*5  inches  high,  and  2  feet  and 
1-5  feet  wide  on  the  top  and  bottom,  respectively;  in  the  middle 
they  are  furnished  with  a  projedling  tube,  6,  which  is  cast 
together  with  the  vessel  so  as  to  form  one  piece.  The  pan,  c, 
is  fixed  in  the  tube,  b;  d  is  a  wooden  runner  with  a  hole,  /, 
which  is  5  inches  wide,  and  excavated  conically  at  e.  The  space 
between  the  runner  and  the  vessel  is  f  of  an  inch ;  the  mercury 
forms  at  the  bottom  of  the  vessel  a  ring  7  inches  broad,  and 
J  inch  high,  when  50  lbs.  of  mercury  are  added,  g  are  rings  of 
iron  plate  fixed  round  the  runner,  h  are  twenty  teeth  of  thick 
iron  plate,  2^  inches  long,  and  |  of  an  inch  broad,  placed 
radially,  m  is  a  spout  for  running  off  the  muddy  water ;  i  is 
the  piston  fixed  to  the  runner,  d,  by  means  of  the  bow,  ft, 
and  connefted  with  its  upper  end  by  some  moving  apparatus. 

•  Kitting.,  Erfahr.,  1854,  p.  29. 
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The  muddy  water  is  conduced  by  means  of  gutters  from 
the  stamping  mill  to  the  upper  row  of  mills  A,  and  thence 
into  the  lower  row  b.  Three  stamps  produce  0-015  cubic 
foot  of  muddy  water  per  second,  containing  J^  or  J  oz.  of  mud, 
which  quantity  is  made  to  pass  one  mill  in  the  same  length 
of  time.  The  runners  are  removed  every  four  weeks,  the 
mercury  is  purified  from  a  crust  of  pounded  sand,  and  the 
amalgam  removed  and  poured  into  canvass  bags.  The 
muddy  water  running  from  the  mill  b  is  conduced  over 
strakes  to  other  dressing  apparatus  where  the  grains  are 
arranged  according  to  their  different  sizes.  The  washed 
out  gold  schlich  is  then  amalgamated  in  cast  iron  mortars 
by  intimately  mixing  with  mercury  by  means  of  wooden 
pestles. 

The  auriferous  mercury  is  placed  in  the  double  bag,  a,  as 
shown  by  Fig.  185.    The  bag  is  suspended  in  the  ring,  6, 

Fig.  185. 


which  rests  on  the  three  rods,  c,  c,  c,  above  the  iron  pan,  d, 
15  inches  high  and  11  inches  wide  on  the  top.  The  mercury 
is  then  first  pressed  through  the  bag  by  hand,  and  the  soft 
amalgam  is  further  pressed  through  linen  in  contadt  with 
hot  water,  till  hard  amalgam  is  formed,  containing  from 
30  to  35  per  cent  of  mercury.  The  expressed  mercury, 
containing  about  |  of  an  ounce  of  gold  per  cwt.  is  tapped 
from  the  pan,  d,  by  means  of  the  tube,  /.    The  amalgam 
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from  the  gold  mills  contains  from  25  to  33  per  cent  of  gold, 
that  from  the  later  amalgamation  from  40  to  50  per  cent. 

The  amalgam  is  formed  into  balls,  each  about  4  ozs.  in 
weight,  and  enclosed  in  linen.  It  is  placed  upon  the  dishes, 
a,  which  are  fixed  to  the  pillar,  b,  as  shown  in  Fig.  186. 

Fig.  i86. 


The  surrounding  tube,  A,  is  heated  from  the  grate,  c ;  the 
lid,  d,  is  luted  ;  e  is  an  iron  plate ;  /  is  a  tube  for  the  escape 
of  the  vapours  of  mercury.  The  tube,  g,  is  covered  with  the 
iron  plate,  A,  and  closed  with  the  wooden  plug,  i ;  its  lower 
part  reaches  into  the  box,  k,  which  is  kept  filled  with  water ; 
m  is  a  movable  chimney.  The  distillation  commences  after 
about  one  hour's  firing ;  the  mercury  collefts  in  the  vessel,  /, 
and  the  operation  is  finished  in  two  and  a  half  or  three  hours, 
when  the  lid,  d,  is  removed,  and  the  tubes,  /  and  g,  are 
cleaned  from  mercury,  which  is  rubbed  in  a  dish  to  form 
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globules  ;  the  lumps  of  gold  which  remain  are  cleaned  with 
a  brush  and  cupelled,  at  a  loss  of  0*44  oz.  per  lb.  The  yield 
of  gold  in  the  mills  amounts  to  about  75  per  cent,  and  of  the 
later  amalgamation  to  25  or  30  per  cent.  The  loss  of  mer- 
cury amounts  to  i  lb.  3  ozs.  or  i  lb.  8  ozs.  per  50  tons  when 
treating  plumbiferous  ores,  and  to  8  or  10  ozs.  when  treating 
ores  free  from  lead. 

At  Zell*  in  the  Tyrol,  auriferous  and  quartzose  clay  slate, 
more  or  less  impregnated  with  pyrites,  containing  5 J^  or  6  ozs. 
of  gold  per  50  tons,  arid  a  little  schlich  and  auriferous  silver  are 
treated  for  the  extradlion  of  their  gold.  The  ore  is  first  pounded, 
and  the  muddy  water  conduced  into  a  box  with  three  com- 
partments, whence  it  passes  into  three  mills,  each  containing 
14  lbs.  of  mercury,  and  making  20  revolutions  per  minute. 
When  the  mercury  has  become  saturated  with  gold,  the 
contents  of  the  mills  are  removed,  the  collefted  schlich  is 
washed  with  cold  and  hot  water  till  perfedlly  pure,  and  the 
mercury  is  repeatedly  pressed  through  soft  leather.  The 
produced  amalgam  is  formed  into  small  balls  and  heated  in 
a  bell  apparatus  (page  348) ;  three  mills  treat  115  or  125  lbs. 
of  schlich  in  2*5  hours ;  the  yield  of  gold  is  about  50  per 
cent. 

c.  Extrad^ion  of  Gold  from  Auriferous  Copper,  Silver, 
and  Lead  Ores  by  Fusion  with  Lead. — Pyrites  (iron  and 
arsenical  pyrites)  free  from  other  valuable  metals,  seldom 
contains  sufficient  gold  to  make  its  fusion  with  lead  profitable.! 
the  expense  is  chiefly  covered  by  other  metals  present.  These 
processes  are  then  carried  out  with  the  objedt  of  extrafting 
silver,  copper,  and  lead,  the  gold  colledting  in  the  products 
(silver„copper,  or  copper  matt)  from  which  it  is  extradted. 
Plumbiferous  copper  ores  containing  gold  and  silver,  which 
are  unfit  for  treatment  by  the  methods  of  Augustin  or  Zier- 
vogel,  are  judiciously  smelted  for  the  produftion  of  copper 
matt,  which  is,  after  roasting,  freed  from  its  contained  oxide 
of  copper  by  dilute  sulphuric  acid.  The  remaining  argen- 
tiferous and  auriferous  mud  is  fused  with  lead  (Freiberg, 

•  B.  u.  h.  Ztg.,  1851,  p.  593  ;  1852,  p.  277.    Oesterr.  Ztschr.,  1856,  p.  283. 
t  Oesterr.  Ztschr.,  1854,  p.  279.     Erdm.,  J.  f.  pr.  Ch.,  Ix.,  169.    B.  u.  h. 
Ztg.,  1857,  P-  44- 
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the  Lower  Hartz.  Besides  gold  and  silver,  these  methods 
extraft  nearly  all  the  lead  and  copper,  and  the  resulting  gold 
is  finer  than  the  cupriferous  amalgamation  gold,  &c. 

d.  Extrad^ion  of  Gold  from  Sulphuretted  Ores  and 
Smelting  Produd^s,  Stc,  by  Solution  and  Precipitation. — 

Plattner*s  method!  for  auriferous  pyrites  (iron  and  arsenical 
pyrites).  This  method  is  based  upon  the  fa(5l  that  chlorine 
gas  transforms  metallic  gold  into  soluble  chloride  of  gold 
without  much  attacking  the  metallic  oxidesj  present. 
Gold  may  be  precipitated  in  a  metallic  state  from  a  solution 
of  chloride  of  gold  in  water  by  iron  vitriol,  sub-chloride  of 
arsenic,  metallic  iron  or  copper,  &c. ;  or  in  a  sulphuretted 
state  by  sulphuretted  hydrogen  gas.  The  dried  and  roasted 
sulphide  of  gold  is  then  cupelled  with  lead,  or  washed  with 
muriatic  acid,  and  melted  with  an  addition  of  borax  and 
saltpetre. 

This  method  is  also  recommended  for  auriferous  quartz, i 
or  sand,§  and  is  adopted  at  Vivian's  smelting  worksIF  near 
Swansea  for  the  treatment  of  auriferous  copper.  The  pre- 
sence of  silver  interferes  with  the  extradlion  of  gold,  as  the 
formed  layer  of  chloride  of  silver  prevents  a  further  solution. 

The  investigations**  of  Plattner,  Lange,  Richter,  Georgi, 
Duclos,  &c.,  show  that  a  favourable  result  depends  on  the 
following  conditions : — 

a.  The  gold  in  the  substance  under  treatment  must  be 
present  in  a  metallic  state.  If  it  is  combined  with  sulphur 
or  arsenic  it  requires  a  previous  roasting  at  an  increasing 
temperature,  avoiding  a  strong  draught,  which  would  cause 
mechanical  loss  of  gold.  Any  caking  of  the  roasting  mass 
(which  is  facilitated  by  the  presence  of  lead,  bismuth,  &c.,) 

•  B.  u.  h.  Ztg.,  1864,  p.  384. 

f  Plattmer's  Probirkunst  m.  d.  Lothrohr.,  1853,  p.  571. 

I  Pogg.  Ann.,  Bd.  112,  p.  619. 

II  DiNOL.,  Bd.  149,  p.  77.     Polyt.  Centr.,  1858,  p.  763. 
§  B.  u.  h.  Ztg.,  1859,  p.  339 ;  i860,  p.  135. 

H  Ibid.,  1863,  p.  168. 

••  Ibid.,  i860,  pp.  37,  133  ;  1861,  p.  145  ;  1852,  p.  169.  Bgwkfd.,xiv.,  202 
Erdm.,  J.  f.  p.  Ch.,  li.,  151.  Prcuss.  Ztschr.,  1855,  iii.,  128. 
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must  be  avoided  as  much  as  possible,  and  lumps  should  be 
carefully  divided  by  a  hammer.  The  roasting  is  continued 
until  a  slightly  moistened  sample  has  no  readtion  upon  iron 
vitriol  after  long  exposure  in  the  air,  otherwise  iron  vitriol, 
as  well  as  arsenious  acid  and  sub-chloride  of  antimony,  will 
decompose  chloride  of  gold. 

b.  No  metallic  sulphides  and  arsenides  must  be  present, 
for  which  reason  a  perfedl  roasting  is  required,  otherwise 
these  substances  will  be  transformed  into  metallic  chlorides, 
causing  an  unnecessary  consumption  of  chlorine.  The 
chlorides  become  dissolved,  and  are  partly  precipitated 
together  with  the  gold  by  sulphuretted  hydrogen  gas,  &c. 
Also  chloride  of  sulphur  may  be  formed,  which  becomes 
transformed  with  water  into  muriatic  and  sulphuric  acids ; 
these  acids  dissolve  metallic  oxides.  Iron  must  be  converted 
into  peroxide  of  iron  by  the  roasting  process,  and  no  soluble 
foreign  metallic  salts  must  be  present,  otherwise  the  dissolved 
gold  will  be  again  precipitated  by  the  iron  ;  iron  would  also 
combine  with  chlorine,  and  the  soluble  metallic  salts  would 
contaminate  the  gold. 

c.  The  chlorine  gas  employed  must  be  free  from  muriatic 
acid,  and  therefore  requires  washing  with  water.  Muriatic 
acid  is  liable  to  dissolve  metallic  oxides  present,  the  metals 
of  which  would  contaminate  the  gold  during  precipitation. 
Muriatic  acid  also  forms  sulphuretted  hydrogen  gas  If,  owing 
to  an  imperfedt  roasting,  metallic  sulphides  are  present.  This 
gas  sulphurises  the  dissolved  gold.  Chlorine  water  readts 
less  uppn  the  warmed  and  damped  ore  than  chlorine  gas, 
and,  according  to  Calvert,*  chlorine  gas  is  most  effedtive 
when  in  a  nascent  state,  if  produced  in  the  ore  mass  itself 
from  manganese  and  muriatic  acid. 

d.  Lime  in  the  ore  increases  uselessly  the  consumption  of 
chlorine,  and  causes  a  variable  yield  of  gold,  t 

e.  The  vessels  must  not  be  of  wood  or  metal ;  earthen 
bottles  are  best,  their  bottoms  contradted,  and  provided  with 

*  B.  u.  h.  Ztg.,  1865,  p.  42. 
f  Ibid.,  i860,  p.  135. 
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an  opciiiiigy  wiiicii  is  uuvcrcu  wiiii  a  pcrviuus  iciyci  ui  uiu:>iicu 
quartz. 

/.  The  residues  combine  with  a  considerable  quantity  of 
water,  and  impede  the  perfeft  extraiStion  of  the  dissolved 
gold.  They  must  be  washed  as  thoroughly  as  possible. 
Georgi*  proposes  the  application  of  a  sudlion  apparatus 
similar  to  that  used  in  the  manufacture  of  sugar. 

g.  The  workmen  must  be  protefted  from  the  ill  effecSts  of 
the  chlorine  gas  by  a  judicious  arrangement  of  the  apparatus, 
by  ventilation,  &c.  According  to  R6szner,+  chlorine  gas, 
which  is  always  troublesome,  and  must  be  always  applied  in 
excess,  may  be  advantageously  replaced  by  a  mixture  of  a 
cold  solution  of  chloride  of  sodium  and  chlorine  water.  This 
reagent  dissolves  gold  readily,  and  the  gold  is  protedled 
against  all  reducing  agents  occurring  in  the  extraction  vessel, 
and  may  be  precipitated  by  copper. 

Allaint  states  that  gold  maybe  extrafted  by  chlorine  from 
pyrites  containing  only  o'oi  per  cent,  if  it  is  previously 
roasted  and  freed  from  the  greater  part  of  the  iron,  copper, 
zinc,  &c.,  it  contains,  by  a  treatment  with  sulphuric  acid. 

Illustrations  of  Plattner's  Process. 

At  Reichenstein,  in  llpper  Silesia,  auriferous  arsenical 
pyrites  occurs,  from  which  gold  was  extradled  till  the  com- 
mencement of  the  seventeenth  century,  when  the  mining  of 
galena  was  abandoned  in  that  neighbourhood.  Arsenical 
products  were  now  extracted  from  the  pyrites,  leaving  auri- 
ferous residues,  which  were  unprofitable  whether  worked  by 
fusion  with  lead  or  by  amalgamation  ;  they  therefore  accu- 
mulated up  to  the  year  185 1,  since  which  time  they  have  been 
sold  at  about  yd.  per  cwt.,  and  treated  by  the  chlorine  extrac- 
tion process  in  Guttler's  gold  establishment. 

According  to  Von  Dechen,  the  pyrites  contains  from  o"i38 
to  0*142  per  cent  of  gold,  and  the  residues  yield  from  0*041 
to  0*05  oz.  per  cwt.  0*045  oz.  per  cwt.  is  usually  extracted 
by  chlorine,  whilst  the  smelting  and  cupelling  processes 

•  B.  u.  h.  Ztg.,  1861,  p.  145. 

f  Ibid.,  1863,  p.  3^6.    Oesterr.  Ztschr.,  1863,  Nos.  26,  27. 

J  DiNGL.,  Bd.  63,  p.  292.     Polyt.  Centr.,  1849,  p.  1343. 


lormerly  applied  yieiaed  only  o*02o  oz.  Accoramg  to  ueorgi, 
a  yield  of  0*014  oz.  per  cwt.  should  cover  all  working  ex- 
penses, including  those  for  materials,  and  the  interest  of  the 
outlay  capital. 

The  apparatus  used  for  extradling  gold  are  shown  by  Figs. 
187,  188,  and  189.     The  dressed  schlich  is  kept  in  a  store- 
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room  provided  with  a  drying  heartff,  on  which  the  schlich  is 
heated  during  the  winter  season  tip  to  5°  C,  otherwise 
hydrate  of  chlorine  would  be  formed  in  the  solution  vessels. 
A  laboratory  furnished  with  a  small  reverberatory  furnace, 
some  crucible  furnaces,  sand  bath,  and  other  requisites,  is 
placed  behind  the  store-room.  On  both  sides  of  the  store- 
room are  apartments  (a)  (Fig.  187)  for  lixiviation  purposes, 
32  feet  long  and  20  feet  broad ;  b,  are  hearths  on  which  the 
chlorine  gas  is  produced  in  the  vessels,  a,  each  having  a 
separate  fire-place  communicating  with  the  chimney,  b; 
c  are  pans  for  warming  water  in  winter  time  up  to  25''  C, 
which  is  used  for  moistening  the  schlich;  d  are  pots  for 
lixiviating  the  schlich,  eight  of  which  are  placed  in  a  long 
row  and  four  in  a  short  one.  Each  four  forms  a  battery,  and 
between  each  battery  a  passage  e  is  left  open  leading  to  the 
hearth,  b.     The  pot,  d  (Fig.  188),  is  formed  of  good  clay. 
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and  surrounded  by  the  iron  hoops,  x,  having  two  plugs,  w,  by- 
means  of  which  the  pots  maybe  tilted  over  and  emptied . 
The  semicircular  rail,  y,  prevents  accidental  tilting  over 
of  the  pots ;  the  conical  part  (z)  of  the  pot  has  an  opening 
closed  by  a  clay  sieve  ;  the  top  of  the  pot  is  closed  with  a 
wooden  lid  having  a  small  circular  hole.  The  pots  a  (Fig. 
189)  for  the  production  of  chlorine  gas  are  closed  with  a  lid 

Fig.  189. 


of  lead,  25  lbs.  in  weight,  and  provided  with  one  reftangular 
opening  through  which  the  materials  are  charged,  and  a 
round  opening  through  which  the  lead  tube,  /,  for  con- 
ducing the  gas  is  fixed  ;  the  lead  tube  is  connedted  with  the 
washing  vessel,  g,  reaching  to  its  bottom.  Behind  the 
compartments  for  lixiviation  is  another  room,  34  feet  long, 
intended  for  precipitation  and  filtration.     For  precipitation 


(common  carboys).  A  small  channel  runs  in  front  of  the 
sand  baths,  and  upon  it  the  filtering  apparatus  are  placed  ; 
the  filtered  liquid  is  condudled  by  the  channels  into  sumps 
filled  up  with  saw  dust.  This  room  also  contains  the  minor 
apparatus  required. 

The  operation  is  carried  on  in  the  following  manner : — 
At  five  o'clock  in  the  morning  the  conical  part  of  the  pots, 
rf,  is  filled  with  fragments  of  quartz,  the  clay  sieve  put  into 
its  place,  and  24  pots  are  filled  up  with  schlich  to  within 
2  inches  of  their  mouths;   this  is  slightly  moistened  and 
warmed  during  winter ;  each  pot  contains  i^^  cwts.  of  schlich. 
The  vessels  for  producing  chlorine  gas  are   prepared  for 
operation  by  fixing  and  luting  their  lids  and  tubes  for  con- 
ducing the  gas.     Each  vessel  is  charged  with  13  lbs.  of 
muriatic  acid,  7  lbs.  of  sulphuric  acid  diluted  with  an  equal 
quantity  of  water,  and  7  lbs.  of  binoxide  of  manganese  (pyro- 
lusite) ;  the  charging  opening  is  hermetically  closed,  and  the 
sand   bath    heated.      Besides   chlorine,   chloride    of   man- 
ganese is  produced,  from  which  chlorine  is  expelled  by  sul- 
phuric acid.     After  chlorine  has  been  passed  through  the 
vessels,  d,  for  an  hour,  they  are  closed  by  lids,  and,  from 
time  to  time,  a  glass  rod  wetted  with  ammonia  is  held  before 
the  round  opening  of  the  lid  to  observe  whether  the  chlorine 
which  is  introduced  from  below  has  permeated  the  schlich, 
which  is  indicated  by  the  fuming  of  the  moistened  rod.     The 
impregnation  is  finished  in  about  six  or  seven  hours,  and  the 
pots  are  well  luted  and  kept  closed  till  the  following  day. 
The  chlorination  of  24  pots  is  now  commenced  in  another 
room,  whilst  the  first  24  pots  are  lixiviated.     For  this  pur- 
pose the  lids  are  removed  and  a  wicker  basket  (h)  (Fig.  189) 
is  placed  upon  the  pots  (d)  and  the  vessels  (i)  beneath  ;  water 
of  from  17**  to  25*"  C.  is  rapidly  poured  upon  the  schlich  in 
order  to  absorb  free  chlorine,  and  it  is  then  again  passed 
through  the  mass.     Boiling  water  would  absorb  but  little 
chlorine  and  dissolve  more  of  the  foreign  salts.     The  lixi- 
viation  is  interrupted  when  four  vessels,  or  about  96  cubic 
feet  of  liquid  have  passed  the  24  pots  containing  36  cwts.  of 
schlich.    The  first  two  vessels  contain  glass  cylinders  for 
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receiving  the  solution,  as  wood  imbibes  and  decomposes 
chloride  of  gold  in  concentrated  solution.  The  liquid  of  the 
fourth  vessel  is  almost  free  from  gold,  and  is  therefore  used 
for  lixiviation  the  following  day.  The  liquid  of  the  first 
three  vessels  is  drawn  off  by  a  syphon  into  glass  carboys 
standing  upon  the  sand  bath,  and  the  pots  (d)  are  tilted  over 
and  emptied.  The  liquid  warmed  to  25**  C.  is  treated  with 
sulphuretted  hydrogen  gas  produced  from  finely  pounded 
lead  matt  and  hot  sulphuric  acid,  which  is  diluted  with  equal 
parts  of  water,  thus  first  neutralising  chlorine,  and  afterwards 
precipitating  the  gold  as  a  sulphide  until  the  liquid  has  a 
completely  black  appearance.  The  liquid  is  slightly  warmed 
and  the  precipitate  allowed  to  deposit ;  it  is  not  completely 
deposited  until  the  following  day,  when  it  is  filtered. 

When  metals  are  used  for  precipitating  the  gold  they 
are  dissolved  by  the  free  chlorine,  and  if  the  chlorine  is 
expelled  by  introducing  steam,  the  liquid  becomes  too  much 
diluted.  The  clear  liquid  from  the  carbo3rs  is  slowly  con- 
duced by  a  glass  syphon  on  to  a  paper  filter  lying  upon 
pierced  earthen  dishes.  The  filtered  liquid  is  conducted  into 
sumps  filled  with  saw  dust  to  colledt  any  sulphide  of  gold 
which  may  escape  the  filters ;  the  deposits  in  the  carboys  are 
washed  and  poured  upon  the  filters.  Particles  of  sulphide 
of  gold  sticking  to  the  syphons  can  be  easily  dissolved  by 
some  chlorine  water.  320  filters  with  sulphide  of  gold  are 
obtained  in  16  days ;  they  are  then  dried,  carbonised  in  four 
large  pans,  boiled  with  aqua  regia,  washed,  and  the  solution 
filtered  into  glass  cylinders.  Afterwards  the  filters  are  again 
boiled  in  water,  and  the  gold  is  separated  from  the  solution 
by  sulphate  of  iron. 

The  four  precipitates  of  gold  are  colle<5led  on  two  filters, 
washed  first  with  pure  dilute  muriatic  acid,  and  afterwards 
with  water.  When  eight'  filters  are  collefted  they  are  car- 
bonised, and  the  gold  melted  in  Hessian  crucibles  with  an 
admixture  of  borax  and  saltpetre;  the  bottoms  of  the  crucibles 
are  pounded,  and  if  containing  small  grains  of  gold  they  are 
washed  out.  The  crucibles  are  placed  in  a  compartment 
separate  from  the  fire-place,  and  are  only  heated  by  the 
flame  of  the  fuel,  thus  avoiding  losses  by  the  breaking  of  the 
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crucibles.  A  lump  of  gold  weighing  several  pounds  may  be 
melted  in  a  quarter  of  an  hour  if  the  furnace  has  been  pre- 
viously heated  for  two  hours. 

About  500  tons  of  schlich  are  worked  annually,  consuming 
25  tons  of  muriatic  acid,  7^  tons  of  sulphuric  acid,  and 
I2j^  tons  of  manganese,  and  producing  from  20  to  21  lbs.  of 
gold,  in  value  from  ;f  1,200  to  ;f  1,350,  whilst  the  cost  of  the 
produdlion  is  from  £750  to  3^900.  The  yield  is  better  in 
summer  than  in  winter,  as  in  the  latter  season  chlorine  is 
more  easily  transformed  into  hydrochloric  acid,  which,  if  me- 
tallic sulphides  are  present,  produces  sulphuretted  hydrogen 
gas,  and  the  gold  is  then  liable  to  become  sulphuretted. 

At  Reichenstein,  the  produftion  of  gold  is  at  present 
abandoned,  as  the  old  residues  have  been  worked  up,  and  the 
arsenic  works  do  not  produce  more  than  50  or  75  tons  of 
auriferous  residues  annually,  the  working  of  which  would  not 
cover  the  interest  of  the  outlay. 

At  Schemnitz,  auriferous  raw  matt  has  been  treated  by 
Ziervogel's  method  (page  378),  and  gold  extradted  from  the 
residues  by  Plattner's  method.     These  residues  contain  : — 

SiOj 3*ooo 

FcaOa 78-080 

FcaOaSOj  (basic)        .     .  15730 

SbOj       2780 

AgO,  Sb03 0*120 

AgS 0*036 

Ag 0-030 

Au 0"0I2 

Cu trace 

99788 

The  apparatus  is  represented  by  Figs.  190  and  191.  a  is 
the  apparatus  for  evolving  chlorine  gas.  It  is  made  of  cast- 
iron,  and  furnished  with  the  conduit-pipe,  a,  for  cleaning  the 
apparatus,  b  is  a  lead  vessel  screwed  to  A,  and  furnished 
with  three  conduit  tubes,  namely,  b  for  charging  the  mix- 
ture, c  for  introducing  sulphuric  acid,  and  the  conduit  tube,  e, 
connected  with  the  tube,  /,  for  emitting  the  chlorine  gas. 
This  gas  first  enters  the  washing  vessel,  c,  then  the  receiver,  d, 
whence  it  passes  into  the  earthen  lixiviation  vessels,  e,  by 
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Fig.  190. 


Fig.  191. 
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the  two  tubes,  g.  Two  vessels,  e,  stand  upon  an  elevated 
platform  in  a  wooden  box,  F ;  the  interstices  are  filled  with 
beaten  down  sand.  The  vessels,  b,  have  an  opening  at  their 
lower  parts,  which  are  filled  up  to  within  two  inches  with  frag- 
ments of  quartz ;  they  are  closed  with  the  earthen  lids,  A, 
and  provided  with  the  tubes,  *,  for  emitting  gases. 

The  residues  are  dried  and  moderately  heated  to  decom- 
pose their  basic  iron  salts ;  they  are  then  slightly  moistened 
and  charged  in  quantities  of  6  cwts.  in  each  clay  vessel. 
Chlorine  is  introduced  through  the  tube,  k,  whilst  the  tube, 
i,  is  left  open  till  chlorine  gas  escapes  from  it.  It  is  then 
closed  by  a  plug  of  clay,  and  the  chlorine  gas  allowed  to  reaft 
for  twelve  hours.  The  chlorinated  mass  is  next  lixiviated 
with  warm  water,  and  the  gold  solution  is  condudled  from 
the  bottom  tube,  k,  into  the  large  glass  vessels,  m,  by  means 
of  the  funnel,  /,  after  the  removal  of  the  tube,  g,  in  which 
gold  is  precipitated  by  sulphate  of  iron.  The  clarified  liquid 
is  then  decanted  by  a  syphon,  the  precipitate  of  gold  coUefted, 
washed,  dried,  and  melted  in  a  Hessian  crucible  with  an 
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aaaiiion  oi  Dorax  ana  saiipeire.  i  ne  iiquia  is  coiieciea  in  a 
reservoir  and  condudted  over  iron,  thus  yielding  some  auri- 
ferous cement  copper.  The  extracted  residues  are  mixed 
with  lime  and  added  to  the  ore  smelting  process  (page  230). 

The  loss  of  gold  amounts  to  i8*2i  per  cent. 

Calvert's  Method  of  Treating  Auriferous  Quartz. — 
This  method  is  based  on  the  principle  of  the  evolution  of 
chlorine  gas  in  the  ore  mass  itself,  as  chlorine  in  the  nascent 
state  strongly  attacks  the  gold.  This  method  has  also  the  ad- 
vantages of  cheapness,  and  of  permitting  the  extraction  of 
silver  and  copper  at  the  same  time ;  it  is  also  less  injurious  to 
the  health  of  the  workmen.  The  mixture  of  finely  pulverised 
quartz,  with  i  percent  of  manganese,  is  put  into  a  vessel  which 
may  be  closed,  and  which  is  provided  with  a  pierced  bottom  ; 
upon  this  bottom  a  layer  of  brushwood  and  then  some  straw 
are  placed,  muriatic  acid  is  next  added,  and  the  liberated 
chlorine  gas  allowed  to  readt  upon  the  ore  for  twelve  hours. 
Enough  water  is  then  added  to  fill  up  with  liquid  the  space 
between  the  bottom  and  the  false  bottom  of  the  vessel,  and 
the  liquid  is  repeatedly  added  to  the  ore.  It  is  then  tapped 
off  and  treated  with  iron  to  precipitate  the  copper;  it  is 
afterwards  heated  to  expel  the  surplus  chlorine,  and  the 
gold  is  precipitated  by  iron  vitriol.  If  the  ores  contain 
silver  at  the  same  time,  chlorine  is  evolved  from  a  mixture 
of  common  salt,  manganese,  and  sulphuric  acid,  mixing  the 
ore  with  six  parts  of  common  salt  and  three  parts  of  man- 
ganese. The  chloride  of  silver  formed  is  then  dissolved  in  the 
solution  of  common  salt,  from  which  it  may  be  precipitated 
by  copper;  afterwards  the  copper  is  precipitated  by  iron, 
and  lastly  the  gold  by  iron  vitriol. 

Chlorination  of  Auriferous  and  Argentiferous  Sub- 
stances, and  Extradtion  of  Gold  and  Silver  at  the  same 
time. — According  to  Plattner,*  an  auriferous  and  argenti- 
ferous substance,  when  roasted  with  common  salt,  forms 
chlorides  of  silver  and  of  gold  (AUCI3).  The  chloride  of  gold  is 
transformed  into  protochloride  of  gold  (AuCI),  losing  two 
equivalents  of  chlorine,  when  heated  to  somewhat  below 

*  Plattner's  Rostproccesse,  1856,  p.  274. 
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200°  C,  and  the  protochloride  of  gold  is  decomposed  into 
chlorine  and  metallic  gold  when  heated  to  about  240**  C. 
This  easy  decomposition  of  the  chloride  of  gold  is  a  chief 
reason  of  the  imperfedl  yield  of  gold  when  treating  silver 
ores  by  the  amalgamation  process,  or  submitting  them  to 
a  lixiviation  with  common  salt.  According  to  Janikovits,* 
the  chlorination  is  more  securely  eflfefted  if  the  ore,  &c., 
is  first  roasted  "  dead  "  with  an  admission  of  steam,  and 
afterwards  submitted  to  a  chlorination  roasting  at  a  lower 
temperature ;  Rosznert  states,  on  the  other  hand,  that  this 
chlorination  roasting  would  form  Aua03,  NaO  +  NaCl, 
which  combination  is  only  slightly  soluble  in  a  solution  of 
common  salt,  and  is  not  decomposed  by  mercury;  it  cannot, 
therefore,  be  treated  either  by  Augustin's  process  or  by 
amalgamation.  But  both  this  salt  and  chloride  of  silver 
are  soluble  in  hyposulphites,  and  moderately  so  in  a  mixture 
of  a  solution  of  common  salt  and  chlorine  water ;  by  these 
reagents  silver  and  gold  may  be  extracted  at  the  same  time. 
The  recent  investigations  of  Max  v.  LillJ  have  proved,  in 
accordance  with  Kiss's  supposition,  that  the  roasting  process 
produces  chloride  of  gold,  which  forms  with  hyposulphite  of 
soda  or  lime  a  soluble  double  hyposulphite  of  gold  and  soda 
(according  to  Fordos  and  Gelis,  AuO,  SaO^  +  sNaOSaOa). 
To  prevent  separation  of  metallic  gold  from  the  chloride  of 
gold  in  the  roasting  process,  the  temperature  must  not  be  too 
high  during  the  last  roasting  period,  and  some  surplus 
chlorine,  produced  from  common  salt  and  easily  decom- 
posable metallic  sulphates,  must  be  present.  It  is  advisable 
to  wash  the  roasting  mass  with  water  previous  to  its  treat- 
ment with  hyposulphites.  The  chloride  of  gold,  by  the 
adlion  of  hot  water,  is  decomposed  into  protochloride  and 
metallic  gold,  and  though  insoluble  in  cold  water  is  slowly 
decomposed  by  it  in  darkness. 

We  have  before  mentioned  that  Kiss's  method  of  extracting 
gold  and  silver  is  based  upon  the  solubility  of  chloride  of 
silver  and  gold  in  a  solution  of  hyposulphite  of  lime,  but  its 

•  Oesterr.  Ztschr.,  1863,  No.  30. 
+  Ibid.,  1863,  No.  211. 
\  Ibid.,  1865,  p.  49. 
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results  have  not  been  satisfadtory  with  regard  to  the  yield  of 
metals.  Experiments  with  Patera's*  and  Roszner'st  method, 
who  first  submit  the  substance  to  a  chlorination  roasting, 
and  then  treat  it  with  a  solution  of  common  salt  saturated 
with  chlorine,  have  given  better  and  very  promising  results. 
Silver  ores  from  Arany  Idka  were  experimented  on  by  these 
methods,  yielding  98*94  per  cent  of  silver,  all  the  copper 
and  nearly  all  the  gold,  while  the  residues  retained  from 
o*oo2  to  0*005  ^^'  These  experiments  proved  that  the 
expense  of  working  5  tons  of  ore  by  this  method  of  extraftion 
was  less  than  when  working  them  by  the  amalgamation 
process  by  £y  los.  6d.  (page  330). 

Patera  treats  ores,  &c.,  with  a  cold  solution  of  common 
salt  saturated  with  chlorine,  thus  chlorinating  and  dissolving 
silver  and  gold  at  the  same  time  ;  a  previous  roasting  with 
common  salt  is  also  admissible. 

Roszner  roasts  the  ores,  &c.,  with  common  salt,  and 
extracts  the  greater  part  of  the  silver  from  the  roasting  mass 
by  Augustin*s  method,  with  a  hot  concentrated  solution  of 
common  salt ;  the  residues  are  then  alternately  treated  by 
cold  solution  of  salt  saturated  with  chlorine,  and  hot  con- 
centrated solution  of  salt,  to  extradt  the  gold  and  the 
remaining  silver ;  both  metals  are  precipitated  from  the 
hot  solution  by  copper ;  the  cement  silver  is  cupelled,  and 
the  gold  separated  from  the  auriferous  silver  in  the  usual 
manner. 

Lixiviation  with  Sulphuric  Acid. — The  yield  from  this 
method  is  larger  when  treating  ores  containing  lead,  copper, 
gold,  and  silver,  which  cannot  be  advantageously  worked  by 
the  other  methods.  Ores  containing  a  sufficient  amount  of 
sulphur  are  either  completely  roasted,  and  the  escaping 
sulphurous  acid  colledted  for  the  production  of  sulphuric 
acid,  or  they  are  previously  smelted  to  produce  a  matt,  which 
must  be  perfedlly  roasted;  copper  and  iron  are  then  ex- 
tradled  from  the  roasted  mass  by  dilute  sulphuric  acid,  and 
the  residue,  containing  gold,  silver,  and  lead,  is  either  fused 
with  lead,  or  if  containing  no  lead,  its  silver  is  extradled  by 

*  Oesterr.  Ztschr.,  1863,  p.  165. 
t  Ibid.»  1863.  No.  25,  40. 
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residue  is  treated  with  aqua  regia,  and  the  gold  precipitated 
by  iron  vitriol.  If  the  ores  contain  no  silver  and  lead,  the 
residues  of  the  extraction  with  sulphuric  acid  may  be  treated 
diredt  with  aqua  regia.  In  this  way  AUain  and  Barten- 
bach*  extracted  the  gold  from  pyrites  with  profit  at  Chessy. 
Stetefeldtt  advocates  a  similar  method  for  treating  the 
Colorado  ores  containing  lead,  bismuth,  copper,  and  gold.  A 
similar  process  is  adopted  in  Freiburg  for  the  treatment 
of  argentiferous  copper  matt,  and  in  Oker  for  treating 
auriferous  and  argentiferous  black  copper. 

In  Transylvania  the  gold  ores  containing  tellurium  are 
treated  according  to  Lowe'sJ  method ;  they  are  first  freed 
from  carbonates  by  dilute  muriatic  acid,  and  then  gradually 
mixed  with  three  times  their  weight  of  concentrated  sul- 
phuric acid,  which  is  gradually  heated  in  an  iron  pan  to  the 
boiling  point,  till  sulphurous  acid  ceases  to  be  evolved.  The 
mass  is  then  poured  into  a  leaden  box  filled  with  water 
acidified  with  muriatic  acid,  thus  precipitating  chloride  of 
silver  along  with  the  undissolved  gold,  whilst  tellurous  acid 
is  dissolved,  and  from  its  solution  tellurium  may  be  precipi- 
tated by  zinc.  The  auriferous  and  argentiferous  residue  is 
worked  up  by  fusion  with  lead. 

II.   SEPARATING   GOLD   FROM   SILVER. 

As  gold  always  occurs  in  combination  with  silver,  the 
treatment  of  its  ores  produces  an  argentiferous  gold  or  an 
auriferous  silver,  and  before  separating  them,  the  mass  must 
be  purified  from  base  metals,  such  as  copper,  lead,  bismuth, 
&c. ;  this  is  usually  effected  by  a  kind  of  refining  process. 
Palladium,  platinum,  &c.,  cannot  be  separated  by  refining, 
and  when  they  are  present,  a  somewhat  modified  process 
must  be  adopted. 

The  presence  of  platinum  increases  the  amount  of  silver 
retained  by  the  gold.  Iridium  and  Osm-iridium  are 
frequently   contained    in    the    Siberian,    Califomian,    and 

•  DiNOL.,  Bd.  155,  p.  53.     Polyt.  Centr.,  I850,  p.  109. 

•f-  B.  u.  h.  Ztg.,  1864,  p.  384. 

J  Erdm.,  J.  f.  pr.  Ch.,  Bd.  60,  p.  163. 
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Australian  gold,  and  lessen  its  value  by  diminishing  its  lustre 
and  rendering  it  very  brittle.  Osm-iridium  does  not  alloy 
with  gold,  but  occurs  in  it  in  the  form  of  grains  and  spangles, 
causing  defedts  in  coins  and  ornaments.  The  separation  of 
gold  from  silver  is  now  almost  universally  effe(5led  in  the 
wet  way. 

I.  Separation  of  Gold  from  Silver  in  the  Dry  Way. 

This  is  effected  by  means  of  grey  antimony  ore,  by  litharge 
and  sulphur,  or  by  cementation,  but  these  methods  only 
admit  of  an  imperfedt  separation. 

a.  Separation  of  Gold  by  Grey  Antimony  Ore.* — This 
method  is  based  on  the  affinity  of  sulphur  and  antimony 
to  gold,  antimony  having  the  greater  affinity.  One  part  of 
granulated  alloy  containing  at  least  50  per  cent  of  gold  is 
fused  in  a  crucible  lined  with  charcoal,  together  with  two 
parts  of  grey  antimony  ore,  and  then  poured  into  cast  iron 
moulds  smeared  with  grease ;  an  alloy  of  gold  and  antimony 
separates  in  the  lowermost  part  of  the  moulds,  and  above  it 
a  combination  of  sulphide  of  antimony  and  silver,  and  of 
antimonide  of  gold,  called  Plachtnal  or  Plagma. 

The  alloy  of  antimony  and  gold  is  heated  under  a  muffle 
or  by  a  blast,  volatilising  the  antimony;  the  remaining 
gold  is  purified  by  smelting  with  a  mixture  of  j^  part  of  borax, 
J  part  of  saltpetre,  and  J  part  of  powdered  glass. 

The  Plachtnal  is  re-melted  as  often  as  antimonide  of  gold 
becomes  separated,  and  is  then  further  treated  either  by 
litharge  or  iron  for  the  extraftion  of  its  silver. 

b.  Separation  of  Gold  by  means  of  Litharge  and 
Sulphur. — This  process  was  formerly  used  in  Okert  at  the 
Lower  Hartz,  and  at  Kremnitz,t  &c.,  to  concentrate  the 
gold  in  brightened  silver  in  order  to  render  the  silver  rich 
enough  for  the  treatment  with  nitric  acid  (quart ation). 

Upon  melting  the  alloy  with  Jth  part  of  sulphur,  sulphide 
of  silver  is  formed,  while  the  gold  remains  disseminated  in 

*  Erdm.,  J.  f.  ok.  u.  techn.  Chem.,  vi.,  174. 
t  ErdMm  J*  f-  pr.  Chem.,  ix.,  74. 
X  Prechtl.  Encykl.,  xii.,  293. 


Digitized  by  VjOOQ IC 


the  fused  mass  (i  or  i^  ozs.  upon  i  lb.  of  silver)  sulphide  of 
lead  is  formed,  and  metallic  silver  sinks  to  the  bottom  and 
alloys  with  gold.  By  repeated  treatment  of  the  auriferous 
silver  with  sulphur  and  litharge,  the  amount  of  gold  is  con- 
centrated in  Jth  of  the  silver  and  is  then  extradted  by  nitric 
acid.    Alloys  containing  lead  are  previously  refined. 

Plachmal  still  containing  gold  is  repeatedly  treated  with 
litharge  till  all  the  gold  is  extradted,  when  it  is  desulphurised 
by  iron  (25  per  cent)  at  a  higher  temperature,  and  the  re- 
sulting argentiferous  lead  is  cupelled. 

£xtra(5tion  of  Gold  by  Cementation. — This  mode  of 
extracting  gold  from  silver  was  formerly  used  (a.d.  1350) 
before  nitric  acid  came  in  general  use.  It  is  still  occasionally 
employed  to  make  gold  much  alloyed  with  silver  appear  on 
its  surface  as  fine  gold. 

The  alloy  is  rolled  to  the  finest  plate  and  heated  for  twelve 
or  eighteen  hours  with  cement  powder  at  a  temperature 
slightly  below  the  melting  point.  According  to  Philipp,*  a 
good  cement  powder  consists  of  one  part  of  common  salt,  one 
part  of  alum,  one  part  of  calcined  iron  vitriol,  and  three  parts 
of  powdered  brick.  The  sulphuric  acid  is  expelled  from  the 
vitriol  and  alum  by  the  heat,  and  then'  liberates  chlorine 
from  the  salt.  The  pulverised  brick  serves  to  increase  the 
volume  and  to  render  the  mass  less  compadt.  After  cooling 
the  vessels,  the  cement  powder  containing  the  chloride  of 
silver  is  removed  from  the  plates  which  are  then  boiled  with 
water.  The  chloride  of  silver  entering  the  mass  of  the  cement 
powder  probably  combines  with  the  chloride  of  sodium, 
forming  a  double  salt,  in  consequence  of  which  the  surface 
of  the  plate  is  kept  bright  and  permits  the  gas  continually  to 
reaft  upon  it. 

Boussingaultt  states  that  the  cementation  is  only  perfeft 
when  air  is  admitted,  and  some  steam  present,  when  hydro- 
chloric gas  will  be  formed,  chlorinating  the  silver  whilst 
evolving  hydrogen. 

*  Bgwkfd.,  viii.,  398  ;  xiv.,  535.     B.  u.  h.  Ztg.,  1845,  p.  347.     PooQ..  xxxii., 
99.     DiNGL.,  Bd.  iig,  p.  157. 
f  Erdm.,  J.  f.  pr.  Ch.,  ii.,  155. 
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He*  also  states  that  this  mode  of  cementation  was  in  use 
thirty  years  ago  at  the  mint  at  Santa  F6  in  New  Granada. 


2.  Separation  of  Gold  from   Silver   in  the  Wet  Way. 

This  mode  of  separation  is  more  perfeft,  simpler,  ajid 
cheaper,  than  the  separation  in  the  dry  way,  and  may  be 
performed  by  means  of  nitric  acid,  sulphuric  acid,  or  aqua 
regia. 

a.  Separation  of  Gold  by  means  of  Nitric  Acid  (quar- 
tation).! — If  silver  and  gold  are  combined  in  a  certain 
proportion,  the  silver  will  be  dissolved  by  nitric  acid,  whilst 
the  gold  is  unattacked.  The  proportion  sanctioned  by 
experience  is  three  parts  of  silver  and  one  part  of  gold,  but 
this  proportion  is  not  indispensable ;  moreover  an  alloy  of 
2j^  parts  of  silver  and  one  part  of  gold  leaves,  according  to 
Chaudett  and  Kandelhardt,  less  silver  in  the  gold  than  the 
usual  proportion  of  three  to  one ;  and  the  greater  the  pro- 
portion of  silver  in  the  gold  the  more  difficult  it  is  to  obtain 
gold  free  from  silver. 

According  to  Pettenkofer||  the  separation  of  both  metals 
answers  well  if  they  are  alloyed  in  the  proportion  of  one  part 
of  gold  to  ij  parts  of  silver,  if  the  strength  of  the  acid 
is  judiciously  chosen,  and  if  the  boiling  is  continued 
sufficiently  long.  The  larger  the  proportion  of  silver  in  the 
alloy,  the  greater  the  division  of  gold  in  the  alloy,  and  the 
more  silver  will  remain  undissolved ;  this  silver  cannot  be 
removed  either  by  concentrated  nitric  acid  or  by  long  con- 
tinued boiling. 

An  alloy  too  rich  in  gold  must  be  fused  with  silver,  and  if 
too  poor  in  gold,  it  must  be  concentrated. 

The  alloy  of  proper  composition  is  granulated  and  heated 
with  nitric  acid  in  a  glass  cucurbit ;  the  remaining  pulverulent 
gold  is  washed,   dried,   and   melted  in  a  Hessian  crucible 

•  Erdm.,  J.  f.  pr.  Ch.,  ii.,  156. 

f  Prbchtl.,  techn.  Encykl.,  xii.,  293. 

+  Claudet,  I'Art  de  TEssayer. 

II  Bgwkfd.,  xii.,  6. 
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tilled  from  the  solution  of  silver,  it  is  boiled  to  dryness ;  the 
dried  mass  is  strongly  heated  and  smelted  for  the  produdlion 
of  metallic  silver.  Sometimes  nitrate  of  silver  is  decomposed 
by  copper. 

This  method  is  complicated,  and  costly,  on  account  of  the 
expense  of  nitric  acid  ;  and  as  also  the  manipulation  in  glass 
vessels  is  objedlionable,  this  method  is  almost  entirely 
superseded  by  the  separation  with  sulphuric  acid,  but  it  is 
still  used  for  assaying  auriferous  silver. 

According  to  Newton,*  gold  so  poor  in  silver  as  to  require 
to  be  fused  with  a  considerable  quantity  of  silver  may  be 
treated  in  the  following  manner,  in  order  to  avoid  the 
quartation.  The  alloy  must  be  treated  with  aqua  regia, 
which  is  produced  from  a  mixture  of  soda-saltpetre,  sulphuric 
acid,  and  common  salt ;  thus  gold  will  be  dissolved,  and 
chloride  of  silver  remain.  The  gold  is  then  precipitated  in 
the  metallic  state  by  iron  vitriol,  and  the  mixture  of  metallic 
gold  and  chloride  of  silver  is  treated  with  sulphuric  acid  and 
zinc,  transforming  the  chloride  of  silver  into  metallic  silver ; 
the  silver  is  then  extracted  from  this  mixture  of  gold  and 
silver  by  nitric  acid,  or  the  argentiferous  gold  is  fused  with 
two  or  three  times  its  weight  of  zinc ;  it  is  then  stirred,  and 
the  formed  alloy  granulated  and  treated  with  dilute  sulphuric 
acid  in  wooden  vessels  coated  with  lead.  The  remaining 
finely  divided  argentiferous  gold  and  silver  are  washed,  and 
the  silver  is  dissolved  either  in  sulphuric  acid  or  in  nitric 
acid. 

Johnson!  separates  gold  from  the  Brazilian  alloy  of 
palladium  and  gold  by  melting  it  with  2^  parts  of  silver,  and 
by  treating  the  granulated  alloy  with  nitric  acid,  when  silver 
and  palladium  dissolve  whilst  gold  remains. 

PetrieJ  has  essentially  improved  the  method  of  quartation 
by  arranging  the  vessels  in  terraces,  and  by  employing  a 
galvanic  current  whilst  precipitating  the  silver. 

*  Bgwkfd.,  XV.,  749.     B.  u.  h.  Ztg.,  1852,  p.  880. 
t  Erdm.,  J.  f.  pr.  Ch.,  xi.,  309. 
J  Polyt.  Centr.,  1853,  p.  1244. 
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b.  Separation  of  Gold  by  means  of  Sulphuric  Acid. — 
This  method,*  first  proposed  by  Schraubert  in  Moskau,  was 
adopted  in  1802  by  D'Arcet,  who  employed  platinum  vessels. 
This  method  is  based  upon  the  insolubility  of  gold,  and  the 
solubility  of  silver  in  boiling  concentrated  sulphuric  acid. 
It  is  preferable  to  quartation  with  nitric  acid,  being  simpler 
and  cheaper,  and  permitting  the  treatment  of  alloys  con- 
taining almost  any  amount  of  gold.  The  manipulations 
require  great  accuracy  to  guard  against  any  loss  of  noble 
metals,  materials,  and  time. 

According  to  Pettenkofer,t  the  gold  is  finest  when  pro- 
duced from  alloys,  sixteen  parts  of  which  contain  little  more 
than  four  parts  and  little  less  than  three  parts  of  gold,  the 
remaining  parts  being  silver  and  copper. 

If  more  than  four  parts  of  gold  are  present,  mechanical 
difficulties  will  arise,  as  the  gold  remains  too  compadt,  pre- 
venting the  sulphuric  acid  from  sufficiently  permeating  the 
alloy,  and  the  last  traces  of  silver  cannot  be  completely  ex- 
tracted. If  the  amount  of  gold  is  less  than  i  or  J  part  in 
16  parts  no  fine  gold  results,  and  the  less  gold  the  alloy  con- 
tains the  less  perfedtly  can  the  gold  be  freed  from  silver  by 
sulphuric  acid  ;  the  silver  must  amount  to  at  least  f  ths  of  the 
alloy.  At  the  mint  in  St.  Petersburg  the  proportion  of  one 
part  of  gold  and  2j^  parts  of  silver  is  found  to  be  more  suit- 
able for  the  adtion  of  sulphuric  aci(l  than  the  proportion 
of  one  to  three,  o'l  or  0*2  per  cent,  and  even  less,  of 
gold  can  often  be  profitably  extrafted.t  In  Freiberg,  alloys 
are  treated  containing  from  0*04  to  o'o8  per  cent  of  gold, 
6Jd.  per  lb.  of  auriferous  silver  representing  the  expense  for 
extracting  the  gold.  In  the  mint  at  Vienna  silver  containing 
about  0*09  per  cent  of  gold  is  profitably  treated.  The 
old  French  silver  coins  contained  0'2  per  cent  of  gold.|| 
Alloys  usually  dissolve  more  readily  and  consume  less  acid 
the  less  copper  they  contain  ;  the  presence  of  lead  hinders 

*  Prechtl.  techn.  Encykl.,  xii.,  293.  Erdm.,  J.  f.  pr.  Ch.,  ix.,  49.    Hartm., 
Repert.,  ii.,  638.     Erdm.,  J.  f.  ok.  u.  techn.  Ch.,  i.,  29,  128,  490,  505  ;  iv.,  410. 
t  DiNOL.,  Bd.  104,  p.  118.     Bgwkfd.,  xii.,  3. 
+  Erdm.  J.  f.  pr.  Ch.,  xii.,  406. 
II  Schubarth,  techn.  Chem.,  1851,  ii.,  353. 


Digitized  by  VjOOQ IC 


654  GOLD. 

the  solution ;  the  presence  of  0*75  per  cent  of  copper  and 
0*25  per  cent  of  lead  at  the  highest  is  said  not  to  impede  the 
separation. 

Alloys  richer  in  lead  and  copper  must  therefore  be  pre- 
viously purified  from  these  metals;  this  purification  may 
be  eflfefted — 

1.  By  a  so-called  fine  smelting  with  saltpetre,*  in  which 
the  lead  and  copper  become  scorified ;  but  this  mode  can  only 
be  advantageously  applied  to  alloys  of  a  certain  fineness,  and 
containing  a  certain  amount  of  gold,  as  a  large  addition  of 
saltpetre  will  melt  the  crucible,  and  as,  on  the  other  hand, 
the  slag  becomes  auriferous  if  the  alloy  is  too  rich  in  gold. 
Experience  proves  that  100  parts  of  copper  require  48  parts 
of  saltpetre,  thus  yielding  a  fineness  of  from  973  to  979. 

The  alloy  is  melted  with  saltpetre  in  a  Hessian  crucible 
standing  in  a  plumbago  crucible.  The  slags  are  either 
skimmed  off  with  a  perforated  ladle,  or  they  are  removed 
when  still  soft  from  the  solidified  regulus.  Upon  smelting 
the  slags  with  ^rd  of  potash  some  silver  is  still  produced. 

An  oxidation  smelting  of  the  silver  in  a  reverberatory  fur- 
nace has  given  in  the  mint  at  St.  Petersburg!  a  better  result 
than  smelting  with  saltpetre. 

2.  The  alloys  may  be  purified  by  heating  them  to  red- 
ness, and  treating  with  sulphuric  acid.t  Alloys  rich 
in  copper  are  granulated  and  heated  in  a  reverberatory  fur- 
nace to  superficially  oxidise  the  copper ;  they  are  then  boiled 
with  dilute  sulphuric  acid  in  leaden  vessels,  thus  dissolving 
the  oxide  of  copper.  The  process  must  be  repeated  several 
times  in  order  to  obtain  silver  of  the  intended  fineness.  This 
method  saves  a  considerable  quantity  of  sulphuric  acid,  as 
metallic  copper  requires  more  acid  to  dissolve  it  than  oxide 
of  copper.  Some  silver  will  also  become  oxidised,  but  it  will 
not  dissolve  before  all  the  oxide  of  copper  has  entered  into 
solution. 

3.  Plumbiferous  silver  from  the  smelting  works  is  usually 

•  Erdm.  J.  f.  pr.  Ch.  i.,  245.     Oumas,  Angew.  Ch.»  iv.,  453. 

f  Oesterr.  Ztschr.,  1857,  p.  205. 

J  DuMASi  Angew.  Chem.,  iv.,  455.  Schubarth,  techn.  Chem.,  1851,1!.;  334. 
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submitted  to  an  oxidation  smelting  in  a  reverberatory  fur- 
nace ;  in  the  mint  of  St.  Petersburg  the  hearth  consists  of 
three  parts  wood  ash  and  one  part  bone  ash. 

4.  According  to  Mascazzini,*  the  purification  may  be 
effedted  in  the  following  manner : — The  alloy  is  finely  divided 
by  Rostaing's  apparatus,!  and  is  treated  with  sulphate  of 
mercury  and  water  in  earthen  vessels  heated  by  steam,  thus 
dissolving  copper,  antimony,  tin,  &c. ;  the  residue  is  repeatedly 
washed,  moderately  heated,  and  melted  with  borax  and  salt- 
petre. This  method  is  simpler  than  cupellation,  and  the 
volatilisation  of  silver  is  less. 

The  separation  of  gold  by  means  of  sulphuric  acid  requires 
the  following  manipulations  : — a.  A  division  of  the  alloy  by 
pounding  or  granulating  to  accelerate  the  solution  in  acids. 
To  granulate  silver  it  is  melted  in  crucibles  of  plumbago  or 
of  wrought  iron,  or  the  fusion  is  effefted  in  reverberatory 
furnaces.  Cast-iron  crucibles  gradually  become  porous  and 
cause  loss  of  silver.  The  fused  silver  is  poured  in  a  thin  jet 
into  a  copper  pan  with  a  double  bottom,  in  which  cold  water 
is  kept  rotating  by  means  of  a  broom.  The  grains  fall  through 
a  hole  in  the  bottom  of  the  inner  pan,  and  coUeft  upon  the 
outer  bottom,  and  so  do  not  impede  the  stirring  of  the  water. 
Newton t  finely  divides  the  argentiferous  gold  by  fusing  it 
with  two  or  three  times  its  weight  of  zinc,  then  granulating 
the  mixture  and  treating  it  with  dilute  sulphuric  acid,  when 
the  argentiferous  gold  will  remain  in  a  finely  divided  pul- 
verulent state. 

b.  The  finely  divided  alloy  is  dissolved  in  hot  concentrated 
sulphuric  acid.  In  Munich  this  is  effedted  in  vessels  of 
platinum ;  in  Vienna,  in  gold  vessels ;  in  Vienna,  Munich, 
Kremnitz,  St.  Petersburg,  Frankfort,  Hamburg,  &c.,  cast- 
iron  vessels  are  also  used,  and  in  Oker,  vessels  of  porcelain. 
The  use  of  dilute  acid  impedes  the  solution,  and  is  also 
injurious  to  the  platinum  vessels  if  the  alloy  contains  any 
lead,  as  sulphate  of  lead  will  then  deposit  and  perforate  the 
vessel. 

*  DiNGL.,  Bd.  161,  p.  43. 

t  B.  u.  h.  Ztg.,  i860,  p.  216 ;  1863,  p.  168. 

X  Bgwkfd.,  XV.,  672. 
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Weak  sulphuric  acid  taken  from  the  lead  chambers  usually 
contains  muriatic  acid  and  nitrogen  compounds,  which  also 
attack  platinum.  Cast-iron  is  only  slightly  attacked  by 
concentrated  acid. 

One  equivalent  of  silver  requires  two  equivalents  of  con- 
centrated sulphuric  acid  for  solution,  one  equivalent  oxidising 
the  silver,  and  the  other  combining  with  the  oxidised  silver — 

Ag  -I-  2SO3,  HO  =  AgO,  SO3  +  2HO  -I-  SO^. 
Therefore  100  parts  of  silver  require  90  parts  of  hydrated 
sulphuric  acid ;  but,  in  practice,  more  sulphuric  acid  is  used 
(2  or  2^  parts  to  i  part  of  silver)  to  dissolve  the  pasty  sul- 
phates, which  would  otherwise  enclose  the  alloy  and  impede 
its  solution.  The  surplus  acid  in  the  liquid  is  either  again 
rendered  fit  for  this  solution  process  by  concentration,  or  it 
is  saturated  with  a  metallic  oxide  to  produce  vitriol. 

This  process  yields  the  following  produdls : — 

I.  Gold,  which  colleAs  on  the  bottom  of  the  vessel  in  a 
pulverulent  state.  It  is  usually  repeatedly  boiled  in  the 
solution  vessel,  or  in  a  smaller  vessel  of  platinum,  gold,  or 
iron,  with  concentrated  acid,  till  it  is  sufficiently  fine ;  but  the 
gold  obstinately  retains  the  last  particles  of  silver  (up  to 
2^  or  3  per  cent),  especially  when  platinum  is  also  present. 
According  to  Pettenkofer,*  gold  extrafted  from  Crown  dollars 
very  readily  attains  a  fineness  of  958  or  960  ;  but  much  sul- 
phuric acid  and  a  continued  boiling  are  now  required  to 
increase  the  fineness  by  6  or  10.  The  fineness  attained  by 
boiling  the  gold  fourteen  times  only  amounted  to  970,  and  an 
analysis  proved  the  gold  to  contain  97  per  cent  of  gold, 
2*8  per  cent  of  silver,  and  0*2  per  cent  of  platinum. 

The  last  2  or  3  per  cent  of  silver  in  the  gold,  which  cannot 
be  extradled  by  means  of  sulphuric  acid,  is  not  attacked  by  a 
solution  of  chloride  of  iron,  nor  changed  into  sulphide  of  silver 
when  in  contadt  with  sulphur,  but  it  may  be  transformed  into 
sulphate  in  silver  by  a  fusion  with  acid  sulphate  of  potash  or 
soda,  and  the  silver  vitriol  then  washed  out  from  the  gold. 
The  soda  salt  is  preferable  to  the  potash  salt,  as  it  is  cheaper, 
its  equivalent  weight  smaller,  and  it  dissolves  more  readily 
in  water. 

*  Bgvrkfd.,  xit.,  4,  5  ;  xiii.,  i8o  (Anmerkung). 
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The  fusion  is  performed  in  the  following  manner: — The  dried 
and  pulverised  gold,  containing  4  per  cent  or  more  of  silver, 
is  mixed  with  J  of  its  weight  of  pure  calcined  Glauber's  salt ; 
the  mixture  is  put  into  a  small  iron  pan,  and  6  or  6 J  parts 
of  concentrated  sulphuric  acid,  corresponding  to  every  10  parts 
of  Glauber's  salt,  are  added  in  separate  portions ;  after  the 
first  addition  of  acid  the  pan  is  heated  so  as  to  fuse  the  mass. 
When  sulphuric  vapours  cease  to  escape,  and  the  mass  has 
become  dry,  it  is  removed  from  the  fire ;  it  contains  no  neutral 
soda  salt.  It  is  next  mixed  with  the  same  quantity  of 
sulphuric  acid  as  was  used  in  the  first  treatment,  thus 
completely  oxidising  the  silver,  but  it  is  only  heated  long 
enough  to  convert  about  half  the  salt  into  a  neutral  salt.  The 
mass  is  then  boiled  with  a  larger  quantity  of  sulphuric  acid, 
thus  dissolving  the  soda  salt  as  well  as  silver  salt;  the  solution 
is  decanted  from  the  gold,  and  the  gold  is  washed  in  the 
usual  manner.  Gold  once  treated  has  a  fineness  of  994 
after  being  melted  with  saltpetre,  and  a  fineness  of  998  or 
999  after  a  second  treatment ;  the  copper-vitriol  is  not  con- 
taminated with  Glauber's  salt. 

At  Oker,  the  extradted  gold  was  formerly  boiled  seven  or 
eight  times  with  sulphuric  acid,  thus  fining  the  gold  to  986. 
Gold  melted  with  acid  sulphate  of  soda  whilst  adding 
some  sulphuric  acid,  and  then  re-melted  with  saltpetre  and 
borax,  attained  a  fineness  of  993.  At  present  gold  is  only 
boiled  twice  with  sulphuric  acid,  then  washed  and  melted  in 
a  Hessian  crucible  with  an  addition  of  borax,  yielding  gold 
of  a  fineness  not  below  900. 

Gold  obtained  by  extradtion  is  never  sufficiently  fine,  soft, 
or  dudtile,  unless  melted  in  a  clay  or  plumbago  crucibles, 
with  an  addition  of  saltpetre.  In  the  mint  at  St.  Petersburg 
this  re-melting  is  effefted  in  a  small  reverberatory  furnace 
with  a  sump,  to  save  the  expense  of  crucibles  and  to  diminish 
the  unavoidable  loss  of  metal.  The  volatility  of  gold  makes 
it  advisable  during  melting  to  keep  its  surface  covered  with 
a  layer  of  charcoal  or  bone-ash.  Napier's*  investigations 
of  the  fume  from  the  meltingrf)f  noble  metals  have  proved 
that  their  volatilisation  is  greater  than  is  generally  supposed  ; 

•  B.  u.  h.  Ztg.,  i860,  p.  496. 
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some  fume  contained  as  much  as  4  per  cent  of  gold ;  gold 
alloyed  with  silver  is  less  volatile  than  when  alloyed  with 
copper ;  melted  gold  is  best  poured  into  iron  moulds  which 
have  been  previously  warmed  and  brushed  with  grease  or  wax. 

Extradtion  of  Iron,  Tin,  Antimony,  Arsenic,  and  Lead. 
— In  the  mint  of  the  United  States,*  ferruginous  gold  is 
melted  with  a  mixture  of  sulphur,  and  carbonates  of  potash 
and  soda ;  tin,  antimony,  and  arsenic  are  removed  by  melting 
with  borax,  soda,  and  saltpetre,  or  according  to  Warington,t 
tin  and  antimony  may  be  extradled  by  melting  the  gold  for 
half  an  hour  with  one-tenth  of  its  weight  of  oxide  of  copper  and 
some  borax.  Lead  may  be  removed  by  melting  with  saltpetre 
and  sand,  or  a  little  chloride  of  mercury  enveloped  in  paper 
is  repeatedly  thrown  into  the  mass  fused  with  saltpetre  and 
borax,  until  a  sample  taken  shows  sufficient  dudlility. 
0*02  per  cent  of  lead  renders  gold  brittle. 

Pettenkofert  states  that  almost  all  extra<5led  gold  contains 
a  small  amount  of  platinum,  from  which  it  may  be  freed 
as  oxide  of  platinum  and  potash  by  melting  with  saltpetre. 
This  amount  of  platinum  not  only  retains  silver  in  gold,  but 
causes  a  considerable  loss  of  gold  when  melting  it  with 
saltpetre.  Whilst  finely  divided  gold  when  melted  with 
saltpetre  oxidises  with  more  difficulty  than  platinum,  it 
oxidises  most  readily  in  the  presence  of  platinum,  forming 
slags  containing  as  much  as  19  or  20  per  cent  of  gold 
and  zJt  or  3^^  per  cent  of  platinum.  If  the  gold  also  contains 
silver,  the  silver  protefts  the  platinum  from  oxidation,  and 
the  platinum  then  enters  the  argentiferous  gold.  All  the 
platinum  will  enter  the  slags  if  the  gold  contains  not 
more  than  0*5  per  cent  of  silver,  and  not  more  than  0*3 
per  cent  of  platinum.  Besides  the  potash  of  the  saltpetre, 
the  slags  contain  all  the  metals  which  were  attacked  at  the 
previous  treatment  with  sulphuric  acid,  and  transformed 
into  insoluble  salts  (sulphate  of  lead,  sulphide  of  copper, 
basic  sulphate  of  iron);  some  components  of  the  crucible 
(silica,  alumina,   lime),  also  enter  the  slags,  and  metallic 

• 

•  Polyt.  Centr.,  1853,  p.  1127. 

t  Ibid.,  1861,  p.  283. 

X  Bgwkfd.,  xii.,  38;  xiii.,  177.     B.  u.  h.  Ztg.,  1847,  PP-  710,  745. 
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oxides  formed  by  the  readlion  of  the  saltpetre  upon  the 
metals  (oxides  of  gold,  platinum,  palladium,  osmium). 
Some  fine  gold  and  some  silver  grains  are  also  mechanically 
included,  owing  to  the  great  viscosity  of  the  slags. 

Experience  shows  the  best  admixture  for  smelting  to  be 
16  parts  of  gold  with  i  part  of  saltpetre,  when  the 
resulting  slags  will  weigh  about  as  much  as  the  saltpetre 
employed.  The  average  loss  of  gold  by  the  slags  is  i  per 
cent  when  using  saltpetre  in  that  proportion ;  an  addition 
of  borax  renders  the  slag  more  liquid. 

The  whole  of  the  small  amount  of  platinum  in  the  gold 
usually  enters  the  slag. 

The  amount  of  gold  grains  in  the  slag  depends  chiefly 
on  the  quantity  of  gold  melted.  If  larger  quantities  of  gold 
are  melted  in  one  charge,  the  relative  and  absolute  amount 
of  gold  in  the  slags  will  always  be  much  larger  than  when 
melting  the  same  quantity  in  different  operations ;  it  is  best 
to  melt  exadlly  lo  lbs.  in  one  operation,  as  when  employing 
crucibles  of  equal  size  the  tough  slag  stands  higher  in  the 
crucible  than  when  melting  smaller  quantities.  The 
higher  the  slag  stands  in  the  crucible  the  more  the 
sinking  of  the  gold-  grains  is  impeded.  Sometimes  a 
skin,  consisting  of  fine  grains  of  metallic  gold,  is  formed 
on  the  lower  side  of  the  slag,  caused  by  the  sinking  of 
gold  grains  after  the  temperature  has  decreased  below  the 
melting-point  of  gold,  whilst  the  slag  is  kept  liquid;  the 
gold  grains  cannot  then  unite  either  with  each  other  or 
with  the  gold  below.  When  melting  small  quantities  of 
gold  the  slag  formed  is  also  proportionally  thinner,  retaining 
fewer  grains  of  gold  for  that  reason.  The  crucible  is  liable 
to  corrosion  by  the  potash  present,  when  trying  to  render 
larger  quantities  of  slag  more  fluid  by  a  continued  firing. 

The  reverse  takes  place  with  any  silver  in  the  slags.  The 
particles  of  silver  still  contained  in  the  gold  remain  suspended 
in  the  slag  together  with  some  gold,  owing  to  the  light  specific 
gravity  and  the  fine  distribution  of  silver,  and  they  sink 
more  slowly  the  thinner  the  slag  is.  Therefore  one 
and   the   same    quality  of   gold    alloy  will  yield   gold   of 
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greater  fineness  (by  o'ooi  or  o'ooa)  when  melted  in  larger 
quantities  than  when  melted  in  smaller  lots. 

To  extradl  gold  and  platinum  from  the  slags,  Pettenkofer 
recommends  that  they  should  be  mixed  with  water  to  a  thin 
paste,  and  then  added  to  a  mixture  of  two  parts  of  litharge, 
one  part  argol,  four  parts  soda,  and  two  parts  pulverised 
glass  to  every  eight  parts  of  dry  slag.  The  mass  is  thoroughly 
mixed  and  then  dried  in  an  iron  or  copper  pan,  and 
melted  in  a  crucible  previously  heated  red  hot.  The  resulting 
raw  lead  is  cupelled,  yielding  brightened  silver,  which  is 
granulated  and  treated  with  aqua  regia  in  a  glass  cucurbit. 
After  solution,  heat  is  continued  to  expel  the  nitric  acid ; 
chlorides  of  silver  and  lead  are  filtered  off,  and  the  gold  is 
precipitated  from  the  liquid  by  iron  vitriol ;  it  is  then  washed, 
dried,  and  fused  with  saltpetre  in  a  Hessian  crucible.  The 
remaining  liquid  contains  the  platinum,  and  is  warmed  with 
iron,  thus  precipitating  various  metals;  these  are  boiled 
with  nitric  acid,  leaving  platinum  as  a  residue.  This  platinum 
is  dissolved  in  aqua  regia,  and  extradled  by  ammonia,  &c. 

This  method  of  extracting  gold  and  platinum,  partly  in  the 
dry  way,  is  preferable  to  employing  the  wet  way*  exclusively. 

When  re-melting  gold  containing  osm-iridium,  the  osm-iri- 
dium  will  sink  to  the  bottom,  owing  to  its  g^eat  specific 
gravity;  therefore  Califomian  gold,  containing  about  o'l  per 
cent  of  osm-iridium,  is  melted,  at  the  mints  in  Philadelphiat 
and  New  York,t  with  two  or  three  parts  of  silver,  thus 
lessening  its  specific  gravity;  the  specific  gravity  of  the 
resulting  gold  alloy  is  from  twelve  to  thirteen,  whilst  that  of 
osm-iridium  is  nineteen.  On  stirring  the  fused  mass  for 
some  time  the  osm-iridium  will  settle  to  the  bottom ;  the 
contents  of  the  crucible  (8  or  lo  lbs.)  are  ladled  out  till 
within  one  inch  from  the  bottom,  and  granulated.  The 
remaining  metal,  rich  in  osm-iridium,  is  repeatedly  melted 
with  silver,  thus  concentrating  the  osm-iridium  more  and 
more ;  60  lbs.  of  silver  are  added  at  each  of  the  last  four  or 

•  Bgwkfd.,  xiii.,  185. 

t  Ann.  d.  min.,  5  s6r.,  vi.»  518.  Polyt.  Centr.,  1855,  PP-  278,  1180. 

}  B.  u.  h.  Ztg.,  1862,  p.  256. 
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five  meltings ;  after  stirring,  the  mass  is  allowed  to  settle 
for  some  minutes  and  ladled  out,  leaving  lo  lbs.  of  metal  in 
the  crucible,  from  which  the  silver  is  extradled  by  sulphuric 
acid,  whilst  the  separated  gold  is  washed  out,  leaving  the 
osm-iridium.  As  gold  containing  osm-iridium  entails  more 
working  expenses  it  is  sold  at  a  cheaper  price. 

Gold  containing  osm-iridium  from  Bogoslowk  is  melted, 
at  the  mint  in  St.  Petersburg,*  in  a  large  plumbago  crucible, 
the  gold  is  carefully  ladled  out  till  within  i  or  ij  inch  of 
the  bottom,  and  the  remainder  contains  the  osm-iridium, 
amounting  to  about  5  lbs.  from  several  meltings.  These 
5  lbs.  are  then  melted  in  a  small  plumbago  crucible  with  a 
narrow  bottom,  and  after  cooling,  the  lower  part  of  the 
metal  regulus,  consisting  of  osm-iridium  with  a  little  gold 
sticking  to  it,  is  cut  off;  this  gold  is  dissolved  in  aqua  regia, 
which  does  not  attack  osm-iridium. 

The  dross  resulting  from  the  treatment  of  Californian  and 
Australian  gold,  containing  gold,  silver,  and  osm-iridium,  is 
melted  with  a  reducing  and  purifying  flux  containing  litharge, 
thus  producing  raw  lead,  which  is  cupelled,  yielding  an  alloy 
from  which  the  silver  is  extradled ;  an  alloy  remaining  of 
gold  and  osm-iridium. 

According  to  d'Hennin,t  the  separation  is  best  efFedled 
by  smelting  I2'5  parts  of  dross  with  15  parts  of  black 
flux,  14  parts  of  chalk,  2*5  or  3  parts  of  arseniate  of 
soda,  20  parts  of  borax  and  carbon,  and  some  litharge 
and  argol.  ^  Auriferous  and  argentiferous  lead  then  result, 
and  on  the  top  of  them  a  mass,  consisting  of  arsenic,  iron, 
and  osm-iridium,  which  can  be  easily  separated  from  the 
lead  and  cupelled. 

Palladium!  may  be  extradled  from  argentiferous  gold  by 
means  of  nitric  acid. 

2.  Sulphate  of  Silver,  dissolved  in  sulphuric  acid,  is 
carefully  separated  from  the  gold,  and  decomposed  by  copper. 

3.  Sulphurous  Acid,  formed  by  the  oxidation  of  silver  at 

♦  Oesterr.  Ztschr.,  1857,  P*  206. 

t  Polyt.  Centr.,  1855,  p.  io6g.     Oesterr.  Ztschr.,  1857,  P*  211. 

t  Polyt.  Centr.,  1853,  p.  1127. 


Digitized  by  VjOOQ IC 


used  for  the  produdlion  of  sulphuric  acid. 

c.  The  ExtracStion  of  Silver  from  Sulphate  of  Silver. 
— When  solidified,  silver  vitriol  assumes  a  pasty  crystalline 
form ;  it  is  placed  by  means  of  iron  spatulas  into  leaden 
pans  filled  with  hot  water;  according  to  Mitscherlich 
88  parts  of  boiling  water  dissolve  i  part  of  sulphate  of 
silver.  After  dissolving  the  vitriol  by  continually  stirring  it 
with  a  wooden  rod,  the  silver  is  precipitated  by  means  of 
strips  of  copper  plate  suspended  in  the  solution,  which  is 
continually  stirred  and  heated.  loo  parts  of  silver  require 
29  parts  of  copper  for  precipitation,  yielding  115  parts 
'  of  crystallised  copper  vitriol  (CuO,  SO3  +  5  HO) ;  if  silver  is 

contained  in  the  copper  plate  it  will  also  be  extracted  by  this 
operation. 

The  precipitation  of  silver  is  quickest,  when  the  liquid 

I  possesses  a  specific  gravity  of  25°  B. ;  if  concentrated  up  to 

28°  B.,  the  precipitation  is  imperfedl,  and  the  liquid  shows 

I  a  peculiar  sparkling  of  separating  crystals  of  silver  vitriol, 

\  and  an  addition  of  water  is  required.     When  chloride  o\ 

•■  sodium   ceases  to  precipitate   silver  from    the   liquid,  the 

j  process  is.  finished.     The  copper  strips  are  removed,  the 

[  silver  allowed  to  settle  to  the  bottom,  and   the  solution  of 

I  copper  vitriol  is  tapped  off  by  a  leaden  syphon. 

j  The   pan   for  precipitation   is  usually  heated   by  direft 

^  firing ;  lately  steam*  has  also  been  used,  either  by  condu<5ting 

it  dire<5lly  into  the  solution,  or  by  passing  it  through  the  liquid 

by  means  of  a  worm  tube. 

[  The  precipitated  silver  is  usually  washed  on  a  copper  sieve, 

standing  in  a  second   sieve  which  is  covered   with   linen, 

paper,  &c.    This  washing  with  hot  water  is  continued  until 

prussiate  of  potash  no  longer  readls  upon  the  wash  water. 

To  shorten  the  time  for  drying  the  precipitated  silver,  and 
to  prevent  particles  of  silver  being  carried  off  with  the  steam, 
the  silver  is  pressed  by  screws  or  by  hydraulic  pressure,  and 
the  resulting  cakes  are  dried  on  a  hot  iron  plate  (Oker),  in 
chambers  heated  by  steam  (Frankfort),  or  in  a  reverberatory 
furnace  with  an  iron  bottom  (Vienna). 

•  Bgwkfd.,  xii.,  3,  41. 
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The  silver  is  then  melted  in  iron  or  fire-clay  cru- 
cibles, usually  with  an  addition  of  saltpetre  to  remove  any 
copper  present ;  cast-iron  crucibles*  are  safer,  quicker,  and 
cheaper ;  at  Oker,  they  are  strongly  heated  when  new,  as 
otherwise  they  melt  more  easily,  and  hot  iron  hoops  are  fixed 
round  the  cold  crucibles  to  increase  their  durability.  As 
from  their  porosity  cast-iron  crucibles  imbibe  silver,  lead  is 
melted  in  them  as  soon  as  they  crack  and  become  unfit  for 
silver  smelting;  the  lead  absorbs  the  silver,  and  passes 
through  the  cracks  into  a  vessel  placed  below.  Wrought 
iron  cruciblest  are  also  recommended,  but  they  laminate 
easily  after  being  repeatedly  heated,  unless  made  of  charcoal 
iron. 

The  removal  of  the  cupriferous  slag  is  facilitated  by 
spreading  some  powdered  brick  upon  the  fused  mass.  If  the 
silver  is  plumbiferous,  and  fumes  after  the  slag  has  been 
removed,  one  part  of  saltpetre  is  thrown  upon  the  fused 
surface,  and  shortly  afterwards  two  parts  of  borax  and  one 
part  of  powdered  brick.  If  the  silver  contains  a  large 
amount  of  lead,  a  layer  of  two  parts  ground  bone  and  one 
part  washed  wood  ash  is  placed  inside,  round  the  sides  of 
the  crucible,  leaving  an  opening  in  the  middle.  This  layer 
or  rim,  imbibing  the  oxide  of  lead  formed,  must  be  frequently 
stirred  and  renewed  till  the  fuming  of  the  metal  ceases ; 
during  the  melting  silver  shows  a  peculiar  bubbling,  which 
causes  loss,  but  no  means  are  known  of  avoiding  it. 

The  produced  silver  has  a  fineness  of  from  928  to  997. 
BarruelJ  states  that  silver  is  rendered  very  hard  by  an 
admixture  of  0'6  per  cent  of  foreign  substances,  namely, 
o'35  per  cent  of  iron,  o'2  per  cent  of  cobalt,  and  0*05 
per  cent  of  nickel.  The  liquid  containing  copper  vitriol 
and  free  sulphuric  acid,  is  either  saturated  with  cupriferous 
substances,  and  boiled  down  for  the  produdlion  of  copper 
vitriol,  or  the  vitriol  is  extrafted  direft,  washed,  and  re- 
crystallised  ;  the  resulting  acid  liquid  is  concentrated  in  a* 

•  B.  u.  h.  Ztg.,  1843,  p-  406. 

t,  Ibid.,  1853,  p.  455  ;  1864,  p,  274.     Dingl.,  Bd.  127,  p.  36. 

+  PoGG.,  Ixxxviii.,  176. 
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leaden  pan  to  58°  B.,  and  afterwards  concentrated  to  66®  B. 
in  either  platinum  or  iron  vessels,  and  again  used  for  dis- 
solving silver.  When  iron  pans  are  employed  they  must 
be  provided  with  a  leaden  head  for  carrying  off  the  evaporated 
water,  and  preventing  its  contaft  with  the  sides  of  the  pan. 
The  slags  resulting  from  the  silver  smelting  are  pounded, 
and  the  intermixed  grains  of  silver  are  sorted  by  hand.  The 
remaining  powder  is  smelted  with  potash,  forming  a  regulus, 
which  is  added  to  the  original  silver  smelting  process. 
Dross  formed  when  separating  deposits  of  silver  from  the 
crucible  by  means  of  a  sharp  iron,  slags  from  the  smelting 
of  silver  slags,  &c.  are  smelted  either  alone  with  borax  and 
saltpetre,  or  together  with  litharge  and  glass,  forming  a 
regulus  which  is  afterwards  cupelled. 


Parting  of  Gold  in  Platinum  Vessels. 

The  parting  of  gold  by  means  of  sulphuric  acid  has 
been  greatly  developed  by'  the  employment  of  platinum 
vessels,*  though  on  account  of  their  great  expense  they 
are  at  present  but  little  used,  and  cast-iron  vessels  are 
almost  universally  employed.  Platinum  vessels  resist  per- 
fedlly  the  reacSlion  of  hot  concentrated  sulphuric  acid, 
but  being  very  expensive  to  make  and  to  repair,  and  being 
liable  to  considerable  waste  from  the  fridlion  of  the 
granulated  metal  on  their  sides,  they  require  to  be  treated 
most  carefully.  At  the  moment  when  the  finely  divided  gold,  in 
conta(5l  with  the  platinum  is  exposed  to  the  influence  of  the 
boiling  acid,  the  gold  cakes  and  sticks  so  fast  to  the  platinum 
that  it  must  be  dissolved  with  dilute  aqua  regia,  if  slight  blows 
on  the  outside  of  the  vessel  are  not  effedlive.  This  opera- 
tion requires  much  dexterity.  Above  all,  platinum  must 
not  be  exposed  to  contadl  with  lead  and  tin,  as  they  readily 
alloy  with  it  at  the  temperature  of  boiling  sulphuric  acid. 
The  platinum  vessels  are  usually  placed  in  iron  jackets  or 
frames. 

*  Prechtl.,  techno).  Encyklop.»  xii.,  319,  Erdm.,  J.  f*  ok.  u.  techn.  Ch^m. 
iv.,  411,  424.     Erdm.  J.  f.  pr.  Ch.  ix.  49. 
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At  the  mint  in  Munich  platinum  vessels  about  gj  inches 
high,  furnished  with  a  platinum  head  5  inches  high,  and 
9J  inches  in  diameter,  were  formerly  used ;  these  vessels 
were  placed  in  an  iron  frame ;  at  present  iron  vessels  are 
used.  82J  lbs.  of  auriferous  silver,  containing  about  15J 
per  cent  of  gold  are  treated  in  three  platinum  vessels,  each 
containing  26|^  lbs.,  with  173  lbs.  of  concentrated  sulphuric 
acid.  The  vessels  are  heated  first  with  wood  and  afterwards 
with  turf.  2J  times  as  much  sulphuric  acid  is  employed 
as  there  is  silver  and  copper  in  the  alloy.  The  heads  of  the 
vessels  communicate  with  a  leaden  tube,  partially  filled  with 
water,  in  which  any  escaping  sulphuric  acid  condenses. 
The  surplus  sulphurous  acid  is  conduced  into  the  chimney 
by  means  of  a  leaden  tube. 

The  solution  is  finished  in  three  hours,  when  some  dilute 
sulphuric  acid  of  55"  B.  is  added  to  precipitate  the  sus- 
pended particles  of  gold  ;  after  slightly  cooling  in  a  tilting 
apparatus,  the  greater  part  of  the  sulphate  of  silver  is  poured 
into  a  platinum  vessel,  leaving  the  gold  at  the  bottom. 

If  the  solution  is  not  quite  clear,  it  is  re-heated  with  an 
addition  of  dilute  sulphuric  acid,  and  finally  poured  into  the 
leaden  precipitation  pan,  which  is  filled  to  one-third  with 
water.  The  last  auriferous  inuddy  liquid  is  put  into  a  smaller 
lead  pan  and  decomposed  by  means  of  copper ;  the  resulting 
silver,  alloyed  with  gold,  is  then  smelted  and  added  to  the 
next  extraction.  The  gold  remaining  in  the  solution 
vessel  is  boiled  three  or  four  times  with  sulphuric  acid ;  and 
the  acid  of  the  last  boiling  is  used  for  dissolving  auriferous 
silver.  The  gold  is  washed,  dried,  and  melted  without  any 
addition  ;  the  washing  water  is  filtered  into  the  precipitation 
pan.  The  lixivium  of  silver  vitriol  is  concentrated  to  about 
25°  or  27°  B.,  and  decomposed  by  copper ;  100  parts  of  silver 
requiring  30  parts  of  copper  plate.  The  precipitated 
silver  is  washed,  dried,  and  melted  in  a  Hessian  crucible 
standing  within  a  plumbago  crucible ;  some  saltpetre  is  added 
to  each  spoonful  of  charged  precipitated  silver.  The  result- 
ing silver  has  usually  a  fineness  of  995*5.  The  resulting 
lixivium  of  copper  vitriol  is  concentrated  to  32"  or  34^*  B., 
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and  allowed  to  crystallise  ;  the  remaining  mother  liquor  is 
boiled  down  to  36°  B.  and  re-crystallised,  and  the  second 
mother  liquor  is  boiled  down  to-56''  B.  in  a  leaden  pan,  and 
to  66""  B.  in  a  platinum  pan,  when  it  is  suitable  for  dissolving 
auriferous  silver. 

At  St.  Petersburg,*  platinum  vessels  were  formerly  used ; 
four  parts  of  sulphuric  acid  were  added  to  every  three  parts 
of  silver  contained  in  the  alloy.  One  extraftion  was  performed 
in  from  six  to  ten  hours.  The  resulting  gold  was  boiled 
once  more  with  sulphuric  acid,  and  contained,  when  smelted, 
99*666  per  cent  of  gold,  and  the  silver  was  of  a  fineness  of 

99'i5- 

Cast-iron  vessels  are  now  used  there. 

Parting  of  Gold  in  Porcelain  Vessels. 

These  vessels  are  well  fitted  for  the  parting  of  gold  on 
a  small  scale,  on  account  of  their  cheapness ;  they  permit 
great  cleanliness,  and  if  carefully  treated  are  sufficiently 
durable. 

At  Oker  in  the  Lower  Hartz,  the  quartation  method  was 
formerly  employed  for  extradling  gold  from  auriferous  silver 
produced  by  the  lead  and  copper  smelting.  The  refined 
silver  contained  from  993  to  996  of  fine  silver,  and  from 
i'o62  to  2'557  gold  in  1000  parts.  The  cost  of  refining 
I  lb.  of  gold  by  this  method  was  from  3^12  12s.  to  £16  i6s., 
whilst  the  present  method  costs  only  from  £j  i6s.  to  ;^io  los. 
per  lb.  of  gold.  The  apparatus  used  for  refining  gold  is 
shown  in  Fig.  192.  a,  is  an  iron  kettle  suspended  over  the 
fire-place,  b ;  c,  is  the  porcelain  vessel  for  receiving  the 
auriferous  silver  and  sulphuric  acid,  it  is  suspended  in  the 
kettle,  a,  by  means  of  the  iron  basket,  d;  ^  is  a  porcelain  lid 
closing  the  vessel,  c,  and  kept  tight  by  water ;  it  is  furnished 
with  two  openings,  /  and  g.  f  is  the  working  opening,  and 
g  the  opening  for  receiving  the  porcelain  tube,  A,  which  is 
kept  tight  upon  the  lid  by  means  of  water;  this  tube  is 
connedled  with  the  lead  tube,  t,  and  serves  for  carrying  off 
the  sulphurous  acid  produced  by  the  process. 

•  Polyt.  Cenir.,  1853,  p.  151.  Lampad.»  Fortschr.,  1839,  p.  132.  Rose's 
Reise  nach  dem  Ural,  Bd.  1,.  pp.  55,  625. 
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Fig.  192. 


The  granulated  silver  is  treated  in  quantities  of  12  lbs. 
with  28  lbs.  of  concentrated  sulphuric  acid.  This  quantity  is 
dissolved  in  from  5  to  8  hours,  employing  a  wood  fire.  When 
the  hissing  noise  ceases  the  solution  is  complete,  and  no 
silver  can  be  detedted  by  means  of  a  spatula  introduced 
into  the  vessel  c,  through  /.  Two  hours  later,  during  which 
time  the  fire  is  still  kept  up,  the  sides  of  the  vessel  are 
rinsed  with  dilute  sulphuric  acid,  and  after  heating  the 
vessel  for  one  hour  more  the  gold  is  allowed  to  deposit  at 
the  bottom  for  five  hours.  The  solution  of  silver  vitriol 
is  decanted  into  a  moveable  leaden  pan.  Fresh  silver  is 
then  added  to  the  residue  of  gold  and  the  process  repeated. 

The  remaining  gold  is  twice  boiled  in  a  porcelain  vessel 
with  concentrated  sulphuric  acid,  washed,  dried,  melted  in  a 
Hessian  crucible  with  an  addition  of  borax  and  saltpetre,  and 
poured  into  a  warm  iron  mould  rubbed  with  wax.  The  gold 
must  not  contain  less  than  900  parts  of  fine  gold  in  a 
thousand. 

The  solidified  silver  vitriol,  resulting  from  100  lbs.  of  silver. 
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is  dissolved  in  hot  water  in  a  leaden  pan  5  feet  8  inches  long, 
2  feet  6  inches  broad,  and  i  foot  6  inches  deep.  The  solution, 
concentrated  to  about  25**  B.,  is  decomposed  by  copper  plates 
in  six  or  seven  hours.  The  remaining  acid  solution  of  copper 
vitriol  is  saturated  with  copper,  and  used  for  the  produ<5tion 
of  copper  vitriol. 

The  precipitated  silver  is  washed,  pressed  between  pieces 
of  linen  in  an  apparatus,  dried,  and  melted  in  quantities  of 
about  500  lbs.  in  cast-iron  crucibles.  The  apparatus  used 
for  pressing  the  silver  is  represented  by  Figs.  193,  194,  195, 
and  196.  a  is  a  cast-iron  cylinder  with  a  grooved  bottom,  6, 
upon   which   the  precipitated  silver,   enclosed  in  linen,    is 

Fig.  193. 


A 


Fig.  J94. 
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Fig.  195. 


J^ 


placed.  The  silver  is  pressed  by  means  of  the  wooden  cone,  c, 
as  the  screw,  ^,  is  turned  upon  the  boards,  rf,  which  press 
upon  that  cone.  The  screw  is  turned  at  g  by  means  of  the 
rod  shown  in  Fig.  196.    The  water  flows  out  at  /. 

Fig.  196. 


The  melted  silver  must  not  contain  less  than  990  parts  of 
fine  silver  in  1000.  A  loss  of  1*25  parts  is  allowed  in  this 
process  for  every  1000  parts  of  auriferous  silver. 

The  richer  dross  is  annually  smelted  in  a  plumbago 
crucible  with  an  addition  of  litharge  and  glass  ;  the  resulting 
plumbiferous  regulus  is  refined  and  returned  to  the  extraction 
process.  The  poor  dross  is  washed  and  smelted  every  three 
years  in  a  cupola  furnace,  together  with  litharge  and  copper 
ore  slags,  producing  raw  lead,  which  is  cupelled,  refined,  and 
submitted  to  the  extraction  process. 

Parting  of  Gold  in  Cast-iron  Vessels. 

Cast  iron  vessels  resist  the  reaction  of  concentrated 
sulphuric  acid,  as  iron  in  contact  with  it  becomes  passive, 
or  eledlro-negative.  Air  must  be  excluded  as  far  as 
possible  from  iron  vessels,  and  a  dilution  of  the  sulphuric 
acid  must  be  avoided,  otherwise  iron  will  be  dissolved,  and 
the  iron  vitriol  then  formed  partially  reduces  the  dissolved 
silver,  forming  an  insoluble  basic  salt.  Dumas  suggests 
that  iron  vessels  were  not  attacked  by  sulphuric  acid  when 
dissolving  granulated  silver,  as  the  inner  surface  of  the 
vessels  became  coated  with  silver,  thus  preventing  any 
contadl  of  the  iron  and  acid.    According  to  Fechner,*  iron 

*  ScHUBARTH,  tcchn.  Chem.,  ii.,  383. 
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in  concentrated  sulphuric  acid  becomes  eledlro-negative 
when  in  contadl  with  silver  or  copper,  so  that  these  metals 
become  dissolved,  but  not  iron ;  it  has  therefore  been  pro- 
posed* to  commence  the  process  in  large  cast-iron  vessels 
and  to  finish  it  in  small  vessels  of  gold  or  platinum.  The 
cast  iron  employed  must  be  fine,  granular,  compa<5l,  and 
free  from  blisters ;  its  solubility  stands  in  inverse  proportion 
to  the  carbon  it  contains.  Iron  containing  phosphorus  has 
given  satisfadtory  results.  Enamelled  cast-iron  vessels  are 
sometimes  used. 

At  the  mint  in  Vienna  two  alloys  are  treated  by  this 
process. 

One  alloy  contains  a  considerable  amount  of  copper,  and  is 
formed  into  ingots  of  9  or  10  lbs.  weight.  It  is  heated  on  the 
iron  bottom  of  a  reverberatory  furnace,  and  granulated,  thus 
oxidising  the  copper  superficially.  The  mass  is  then  sifted, 
and  treated  in  quantities  of  250  lbs.  in  a  leaden  pan,  with 
sulphuric  acid  of  18^  to  20^  previously  heated  to  the  boiling 
point,  thus  dissolving  the  copper.  The  residue  is  washed 
with  water  on  a  sieve,  and  heated  and  treated  with  sulphuric 
acid,  until  its  silver  is  sufficiently  concentrated.  600  lbs.  of 
alloy  can  be  heated  in  the  reverberatory  furnace  in  twenty- 
four  hours,  and  the  same  quantity  can  be  treated  with  sul- 
phuric acid  in  seventy-two  hours.  300  or  500  lbs.  of  the 
treated  alloy  are  then  heated  in  a  cast-iron  vessel  3  feet  in 
diameter  and  furnished  with  a  leaden  lid,  with  double  its 
weight  of  concentrated  sulphuric  acid,  until  dissolved.  The 
escaping  vapours  are  first  condudled  into  a  condensation 
chamber  and  thence  into  leaden  chambers.  The  remaining 
very  impure  gold  is  melted  with  an  addition  of  potash,  about 
3J  ozs.  to  I  lb.  of  gold,  and  the  resulting  regulus  submitted 
to  the  extraaion  process,  together  with  alloys  rich  in  gold. 

250  or  300  lbs.  of  rich  alloys  are  dissolved  with  two  or 
two  and  a  half  times  the  quantity  of  sulphuric  acid,  in  cast- 
iron  vessels ;  this  operation  takes  six  or  eight  hours.  12  or 
13  lbs.  of  dilute  sulphuric  acid  of  ^2""  B.  are  now  added  to 
assist  the  clarification  of  the  solution,  and  after  some  time 

*  Erdm.,  J.  r.  pr.  Chefn.,  ix.,  49. 
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the  silver  vitriol  is  ladled  out  with  an  iron  spoon.  The  re- 
maining gold  is  first  boiled  in  the  solution  vessel  for  two  or 
three  hours  with  sulphuric  acid  of  60°,  then  washed  with 
cold  water,  and  again  boiled  for  two  or  three  hours  in  a  gold 
vessel  with  concentrated  sulphuric  acid,  about  five  or  six 
times  the  volume  of  the  gold  under  treatment.  Some  cold 
water  is  next  added  and  afterwards  hot  water,  and  the 
gold  is  washed  in  earthen  dishes,  being  continually  ground 
up ;  it  is  then  heated  and  smelted  in  a  plumbago  crucible 
with  an  addition  of  two  parts  of  borax  and  one  part  of  salt- 
petre. If  the  gold  contains  lead,  borax,  saltpetre  and 
corrosive  sublimate  are  repeatedly  added.  The  washing 
water  is  filtered  and  added  to  the  precipitation  pan. 

The  silver  is  precipitated  from  its  solution,  which  has  been 
diluted  to  from  15®  to  25"*  B. ;  it  is  washed,  dried,  and  melted 
in  crucibles. 

The  solution  of  sulphate  of  copper  resulting  from  the  pre- 
cipitation of  silver,  is  boiled  down  for  the  produdlion  of 
vitriol,  until  at  last  the  so-called  black  acid  remains ;  this 
acid  is  concentrated  and  again  used  for  dissolving  silver. 

The  slags  resulting  from  the  gold  melting  are  pounded, 
sifted,  and  washed,  and  then  smelted  with  an  addition  of 
potash;  the  resulting  regulus  is  again  submitted  to  the 
extradlion  process.  The  slags  from  the  silver  melting  are 
smelted  with  potash,  and  the  dross  and  furnace  ends  are 
smelted  with  borax  and  saltpetre,  yielding  a  regulus  which 
is  cupelled  and  treated  by  the  extraction  process.  Silver 
containing  o*86  parts  of  gold  in  iooo  can  still  be  profitably 
treated  by  this  process. 

At  Frankfort*  and  Kremnitz,t  iron  vessels  are  also  used 
for  extraftinggold.  At  Poizat's  establishment  J  in  Paris,  alloys 
poor  in  gold  and  rich  in  copper  are  treated  in  cast-iron 
vessels,  and  richer  alloys  in  platinum  vessels. 

To  granulate  silver,  it  is  melted  in  wrought  iron  crucibles 
capable  of  containing  several  cwts.     The  cast-iron  vessels 

*  Bgwkfd.,  xii.,  41,     Dingl.,  Bd.  128,  p.  359. 

t  Erdm.,  J.  f.  pr.  Ch.,  ix.,  73. 

X  Karmarsch  und  Hebron,  techn.,  Wortorb.,  i.,  942. 
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for  extra<5lion  are  furnished  with  iron  lids,  cast  in  two  halves, 
one  is  permanently  fixed  to  the  vessel,  and  provided  with  a 
tube  for  condudling  the  sulphurous  acid  into  a  leaden 
chamber  for  the  production  of  sulphuric  acid. 

Two  parts  of  sulphuric  acid  are  added  to  one  part  of  silver, 
and  heated  until  all  the  silver  is  converted  into  a  pasty  mass 
of  sulphate  of  silver ;  this  is  then  ladled  into  large  leaden 
reservoirs,  where  it  is  dissolved  in  water  and  diluted  to 
36°  B. ;  this  liquid  is  heated  to  the  boiling  point  by  conducting 
steam  into  it,  it  is  then  diluted  to  22**  B.,  and  allowed  to 
settle.  It  is  next  separated  from  the  gold  by  means  of  a 
syphon,  precipitated,  &c. 

In  Augsburg*  gold  is  extra(5led  in  cast-iron  vessels,  from 
auriferous  coins.  Cast-iron  vessels  are  also  employed  in 
the  mint  at  St.  Petersburg.t 

Parting  of  Gold  by  means  of  Aqua  Regia. — This 
method  is  usually  employed  for  treating  gold  poor  in  silver, 
from  which  silver  can  be  only  imperfe<5lly  extra(5led  by  sul- 
phuric acid,  and  which  cannot  be  treated  advantageously 
by  the  quartation  process,  which  requires  a  considerable 
quantity  of  silver  to  be  present.  The  method  is  based  on 
the  fadl  that  gold  dissolves  in  aqua  regia,  as  chloride,  whilst 
chloride  of  silver  is  very  slightly  soluble  in  aqua  regia. 

The  alloy  is  heated  on  a  sand  bath  with  three  or  four  times 
its  weight  of  aqua  regia,  composed  of  i  part  of  nitric  acid  of 
sp.gr.  1*28,  and4  parts  of  muriatic  acid  of  sp.gr.  riyS.  The 
solution  is  removed,  and  the  residue  of  chloride  of  silver  boiled 
again  with  aqua  regia,  then  washed  with  distilled  water  and 
reduced  ;  the  gold  is  precipitated  from  the  solution.  As  the 
chloride  of  silver  is  liable  to  encrust  the  gold,  the  mixture 
must  be  either  frequently  stirred  or  a  jet  of  steam  introduced 
into  it.J 

The  following  agents  may  be  used  for  the  precipitation  of 
gold : — 

•  Polyt.  Centr.,  1861.,  p.  1655.     B.  u.  h.  Ztg.,  1862,  p.  262. 
t  Oesterr.  Ztschr.,  1857,  pp.  265. 
X  B.  u.  h.  Ztg.,  1852,  p.  880. 
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Iron  Vitriol,*  FeO,S03  +  7HO,  or  Chloride  of  Iron, 
FeCl  4-  4HO. — The  solutions  of  gold  and  iron  vitriol  are 
heated  separately  to  70°  C,  and  the  iron  vitriol  is  gradually 
poured  into  the  solution  of  gold.  When  iron  vitriol  ceases  to 
readl  upon  the  solution,  the  liquid  is  decanted  and  the  gold, 
separated  in  compaift  lumps,  is  washed. 

AuaCla  +  6FeOS03  =  2Au  +  Fe^Cla  +  ziFe^O^ySSO^). 

According  to  Roset  precipitated  gold  consists  of  very 
minute  cubes ;  MorinJ  states  that  iron  vitriol  precipitates 
completely  0*0022  part  of  gold;  but  Elsner||  denies  this. 
Levol§  considers  this  method  of  extraction  to  be  imperfedl, 
as  chloride  of  silver  remains  dissolved  together  with  the  gold, 
even  after  boiling  the  solution,  and  the  silver  also  is  reduced 
by  the  iron  salt. 

This  method,  somewhat  modified  by  Newton,  is  employed 
in  the  American  mints.lT 

Oxalic  Acid,  HOjCaOj. — According  to  Levol  this  agent 
precipitates  very  pure  gold,  but  the  process  is  tedious, 
especially  if  the  acid  is  in  excess ;  the  liquid  is  liable  to  spirt 
away,  owing  to  the  development  of  carbonic  acid,  wherefore 
large  vessels  must  be  employed — 

AuaClj  +  sHOCaOa  =  2Au  +  3CIH  +  600,. 

Jackson  states  that  under  certain  circumstances  gold  may 
be  obtained  in  a  spongy  form. 

Formic  Acid,  CaHaOg  +  HO,  and  Formiate  of  Potash, 
KOjCaHjOj,  according  to  Morin,**  precipitate  gold  im- 
perfedtly. 

Chloride  of  Antimony,  SbClj,  mixed  with  muriatic  acid, 
according  to  Levol,  reduces  a  somewhat  warmed  solution  of 
gold  after  some  hours.  The  gold  is  placed  upon  a  filter, 
washed  with  considerably  diluted  muriatic  acid,  and  melted 
in    an   earthen   crucible,  with   an   addition   of  borax   and 

•  Bgwkfd.,  xiii.,  187. 
t  Pogg.,  Ixxiii.,  8. 
X  DiNOL.,  Bd.  76,  p.  38. 
II  Ibid.,  96,  p.  490. 

§  Ibid.,  Bd.  91,  p.  232.     Bgwkfd.,  vii,  460. 
f  B.u.  h.  Ztg.,  1852,  p  880. 

••  Dingl.,  Bd.  no.,  p.  375.  Erdm.,  J.  f.  pr.  Ch.,  xlix.,  118.  B.  u.  h.  Ztg,  1849, 
p.  125. 
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saltpetre.     loo  parts  of  gold  require  200  parts  of  chloride  of 
antimony. 

aSbClj  +  2AuaCl3  =  4AU  +  sSbClj. 

Chloride  of  Arsenic,  AsClj,  produced  by  dissolving 
arsenious  acid  in  muriatic  acid.  According  to  Levol  and 
Duflos,  it  quickly  and  perfectly  reduces  gold  from  neutral  or 
faintly  alkaline  solutions. 

3ASCI3  +  aAuaClj  =  4AU  +  3ASCI5. 

Chloride  of  silver  may  be  reduced  to  the  state  of  metallic 
silver*  by  melting  it  with  carbonate  of  potash,  or  better — 
according  to  Gay  Lussac — with  freshly-burned  lime.  Levol 
and  Casaseca  recommend  a  solution  of  caustic  alkali  and 
sugar,  or  melting  with  saltpetre  and  carbon.  Homung 
employs  copper  and  ammonia ;  Zimmermann,  iron,  potash, 
and  common  salt;  Wittstein  heats  the  chloride  of  silver 
with  moistened  coal  dust;  Kessler  uses  acetate  of  iron; 
BoUey  and  Brunner  the  galvanic  current ;  Bottger  decom- 
poses chloride  of  silver  by  heating  it  with  a  solution  of  crystal- 
lised soda,  I  part  dissolved  in  3  parts  of  water,  whilst  adding 
some  grape  sugar,  about  equal  in  quantity  to  the  chloride 
of  silver  under  treatment ;  Miiller  employs  caustic  soda  and 
glycerin. 

III.  SEPARATION  OF  GOLD  FROM  COPPER. 

Alloys  of  gold  and  copper  occur  in  mints,  or  they  are 
produced  in  the  form  of  auriferous  and  argentiferous 
black  copper  when  working  copper  ores  containing  gold  and 
silver.  Gold  cannot  be  perfeftly  separated  from  copper ;  for 
this  purpose  the  following  methods  are  chiefly  employed  : — 

I.  Fusion  with  Lead. — The  alloy  is  either  fused  with 
lead  and  liquated,  or  it  is  added  diredl  to  the  cupelling 
operation. 

If  one  part  of  auriferous  copper  is  combined  and  cupelled 
with  16  parts  of  lead,  the  copper  oxidises  and  enters  the 
litharge,  whilst  the  gold  combines  with  the  lead,  and 
finally  with  the  brightened  silver.    Although  very  simple, 

•  DiNGL.,  Bd.  85,  p.  77  ;  Bd.  96,  p.  175  ;  Bd.  102,  p.  320 ;  Bd.  104,  p.  4a ; 
Bd.  109,  p.  373.  Berzelius,  Jahresber.,  1845,  p.  186.  Polyt.  Centr.,  1849,  p. 
X196.  Fogg.,  Ixxxv.,  462.  Oesterr..  Ztschr.,  1855,  P*  216 ;  1859,  p.  68. 
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this  method  is  only  advisable  when  treating  copper  rich  in 
gold,  by  adding  it  in  small  quantities  (not  above  6  per  cent) 
to  the  cupelling  operation  of  rich  lead.  Copper  poor  in 
gold  cannot  be  traated  advantageously  by  this  method,  as  it 
causes  considerable  loss  of  lead  and  copper. 

The  liquation  process  also  cannot  be  advantageously 
applied  to  copper  poor  in  gold,  as  it  not  only  causes  great 
loss  of  copper  and  lead,  but  also  of  gold ;  copper  almost 
always  retaining  a  larger  proportion  of  gold. 

2.  Treatment  with  Sulphuric  Acid. — Of  late  this  method 
has  been  frequently  applied  to  argentiferous  and  auriferous 
copper,  as  its  yield  of  metal  is  better.  The  copper  is  dis- 
solved in  either  boiling  concentrated  sulphuric  acid  or  hot 
dilute  sulphuric  acid. 

Rich  and  pure  alloys  of  gold,  silver,  and  copper,  are 
dissolved  in  concentrated  acid,  thus  yielding  gold  and  silver 
in  a  pure  state,  and  copper  as  copper  vitriol. 

Impure  black  copper,  containing  little  gold  and  silver,  but 
more  lead,  antimony,  and  arsenic,  is  best  treated  with  hot 
dilute  acid,  thus  yielding  copper  vitriol,  and  leaving  gold  and 
silver  along  with  the  impurities  in  the  residue,  from  which 
they  are  then  extrafted. 

3.  Treatment  with  Chlorine  according  to  Plattner's 
Method. — At  Mr.  Vivian's  works,  near  Swansea,  this  method 
is  employed  for  extrafting  the  small  amount  of  gold  contained 
in  Russian  copper  coios.  Upon  re-melting  the  coins  the 
gold  concentrates  in  the  lower  part  of  the  liquid  metal ;  this 
part  is  then  granulated,  and  the  gold  extracted  from  it  by 
means  of  chlorine. 

Treatment  of  Auriferous  and  Argentiferous  Black 
Copper  by  means  of  Boiling  Concentrated  Sulphuric 
Acid,  as  performed  at  Sept^mes.* 

Silver  produced  in  smelting  works,  foreign  coins,  or- 
naments, &c.,  if  containing  more  than  0'6  per  cent  of  gold, 
are  treated  direft  with  sulphuric  acid.  Substances  poorer 
in  gold  are  previously  melted  with  copper,  if  there  is  great 
demand  for   copper  vitriol,  in   order   to  produce  greater 
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quantities  of  such  vitriol  as  a  by-produft;  otherwise  the 
poorer  substances  are  also  dissolved  diredl  in  sulphuric  acid. 

a.  Substances  containing  from  6  to  750  parts  of  gold  in 
1000  are  melted  for  three  hours  in  plumbago  crucibles  in 
quantities  of  60  lbs.,  and  granulated  in  a  copper  vessel.  The 
granulated  copper  is  then  boiled  in  cast-iron  pans  in  quan- 
tities of  30  or  34  lbs.  with  2^  or  3  times  its  weight  of  sul- 
phuric acid  of  50"*  B.  It  is  stirred  with  an  iron  rod,  and  the 
firing  is  interrupted  when  the  distillation  of  sulphuric  acid 
ceases  ;  this  takes  place  in  about  two  hours.  The  distilled 
sulphuric  acid  of  27°  B.  is  colle(5led  in  a  condenser,  and  is 
from  time  to  time  concentrated  to  50°  B.  in  a  leaden  pan. 
The  sulphurous  acid  formed  is  conduftedinto  a  chimney.  The 
pans  used  for  dissolving  last,  on  an  average,  three  months  ; 
the  platinum  pans  formerly  employed  were  more  expensive, 
required  purer  acid,  and  only  admitted  of  lower  charges. 

The  contents  of  the  pans,  consisting  of  silver  and  copper 
vitriol,  and  very  finely*  divided  gold,  are  cooled  in  a  leaden 
pan  to  30"*  C,  and  then  transferred  to  vessels  filled  with 
boiling  water,  where  they  are  stirred  till  completely  dissolved. 
The  firing  is  now  interrupted,  the  stirring  continued  for  a 
short  time,  and  the  liquid  (being  of  if  B.)  is  allowed  to 
clarify.  The  gold,  some  silver  vitriol,  and  sulphate  of  lead 
having  deposited  in  about  an  hour,  the  clear  liquid  is  drawn 
off  by  means  of  a  syphon  into  a  vessel  containing  plates  of 
argentiferous  copper,  to  precipitate  all  the  silver ;  this  will 
take  about  seven  hours.  The  remaining  lixivium  of  copper 
vitriol,  of  20^  is  again  used  for  dissolving  silver  vitriol,  and 
thus  becomes  concentrated  to  24**  B.  The  copper  vitriol  it 
contains  is  crystallised  out,  and  the  remaining  acid  lixivium 
again  used  for  dissolving.  The  precipitated  silver  is  washed 
with  hot  water  and  pressed  into  the  form  of  bricks  by  a 
hydraulic  press ;  these  bricks  still  contain  8  or  10  per  cent 
of  water,  and,  when  fused,  have  a  fineness  of  997. 

When  8  or  10  lbs.  of  gold  have  colle(5led  in  the  clarifying 
vessel,  they  are  removed,  dried,  and  rich  auriferous  sub- 
stances of  a  fineness  above  750  being  added,  they  are  melted 
with  silver  from  one  to  three  times  the  weight  of  the  gold, 
granulated  and  boiled  in  sulphuric  acid  of  50**  B.     The  silver 
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is  dissolved,  and  the  fine  gold  left  bshind  is  washed,  dried, 
and  melted. 

b.  Substances  containing  less  than  six  parts  of  gold  in 
1000  are  fused  with  so  much  copper  that  looo  parts  of  the 
alloy  produced  will  contain  700  parts  of  auriferous  silver, 
this  being  the  best  proportion  for  separating  gold  and  silver, 
and  also  yielding  less  impure  deposits  of  gold  in  the  clari- 
fying vessels.  If  a  larger  production  of  copper  vitriol  is 
required,  an  alloy  containing  600  parts  of  auriferous  silver  is 
produced ;  the  resulting  gold  deposits  are  then  more  impure 
and  retain  more  silver.  60  lbs.  of  the  alloy  are  melted  in 
three  hours  and  granulated.  Charges  of  about  42  lbs.  are 
dissolved  in  iron  pans  in  sulphuric  acid  of  66°  B.  The 
resulting  impure  deposits  of  gold  are  melted  with  borax  and 
saltpetre,  yielding  ingots,  which  are  cupelled  and  again  treated 
with  sulphuric  acid. 

The  poorer  the  substances  under  treatment,  the  impurer 
and  the  richer  in  silver  are  the  resulting  gold  deposits,  and 
the  more  expensive  is  the  refining  of  these  deposits. 

Sometimes  if  the  produftion  of  copper  vitriol  is  not 
specially  intended,  the  poor  substances  are  treated  diredl 
with  sulphuric  acid  of  55°  B.,  and  the  gold  deposits  are  either 
cupelled  or  treated  again  with  acid  when  they  have  accumu- 
lated in  sufl&cient  quantity ;  the  gold  is  then  separated  by  the 
quartation  method. 
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CHAPTER    XII. 


PLATINUM. 
PRINCIPAL  ORES  OF  PLATINUM. 

Platinum  is  seldom  found  in  its  original  geological  forma- 
tions, but  is  usually  met  with  in  alluvial  ground  and  in  the 
sand  of  rivers,  usually  in  association  with  palladium,  rho- 
dium, osmium,  ruthenium,  iron,  copper,  lead,  and  sometimes 
also  with  silver ;  occasionally  it  occurs  mixed  with  grains  of 
osm-iridium,  gold,  magnetic  and  chrome  iron  ore,  quartz, 
zircon,  spinel,  serpentine,  &c. 

Platinum,  together  with  chrome  iron  ore,  and  its  other 
associates,  is  supposed  to  have  occurred  primitively  in  ser- 
pentine,* as  fragments  of  serpentine  and  augitic  rocks  are 
frequently  contained  in  platinum  sand,  and  as  native  plati- 
num and  chrome  iron  ore  sometimes  occur  disseminated  in 
each  other.  The  fragments  of  quartz  occurring  in  platinum 
sand  indicate  the  source  of  the  associating  gold,  but  this 
quantity  of  gold  is  but  small,  seldom  exceeding  2  or  3  per 
cent.  The  present  state  of  science  shows  that  an  alluvium 
containing  magnetic  iron  sand  will  also  contain  gold,  and 
that  the  alluvium  contains  platinum  if  a  prevailing  amount 
of  fragments  of  serpentine  occur  in  it. 

Native  platinum  occurs  only  in  the  form  of  grains,  which 

*  Zbrrbnner*8  Anleitung  zum  Gold,  Platin-  and  Diamantwaschen :  Leip- 
«jgi  185 1,  p.  xxi.    Muspratt-Stohmajw*s  techn.  Chem.,  i860,  iii.,  950. 


Digitized  by  VjOOQIC 


PLATINUM   ORES.  679 

are  usually  flattened,  and  resemble  in  shape  the  gold  nuggets. 
They  are  generally  smaller  than  linseed,  although  in  some 
cases  they  are  as  large  as  hempseed,  or  even  peas.  One 
piece  brought  from  Choco  in  Peru,  and  presented  to  the 
Cabinet  of  Berlin  by  Humboldt,  weighs  882^^  grains,  or  more 
than  2  ozs.  avoirdupois.  There  is  also  a  lump  of  native 
platinum  in  the  Royal  Museum  of  Madrid,  which  was  found 
in  1 8 14  in  the  gold  mine  of  Condoto,  province  of  Novita,  at 
Choco  ;  it  is  larger  than  a  turkey's  egg  (one  diameter  about 
2  inches,  and  the  other  4  inches),  and  its  weight  is  11,641 
grains.  In  1827  a  specimen  was  found  in  the  Ural  moun- 
tains which  weighed  n'57  pounds  troy;  the  largest  yet 
obtained  being  in  the  DemidofT  Cabinet,  weighing  21  lbs. 

The  following  are  the  chief  distrifts  in  which  platinum 
occurs : — 

1.  At  Choco,  in  the  neighbourhood  of  Barbacoas,  and 
generally  on  the  coasts  of  the  South  Pacific,  or  on  the  western 
slopes  of  the  Cordillera  of  the  Andes,  between  the  second  and 
sixth  degrees  of  north  latitude.  The  gold  washings  furnishing 
most  platinum  are  those  of  Condoto,  in  the  province  of 
Novita,  those  of  Santa  Rita  or  Viroviro,  of  Santa  Lucia,  of 
the  ravine  of  Iro,  and  of  Apoto,  between  Novita  and  Taddo. 
The  deposit  of  gold  and  platinum  grains  is  found  in  alluvial 
ground,  at  a  depth  of  about  20  feet.  The  gold  is  separated 
from  the  platinum  by  hand  sorting,  and  also  by  amalgamation. 

2.  Platinum  grains  are  found  in  Brazil,  but  always  in  the 
alluvial  soil  containing  gold,  particularly  those  of  Matto- 
Grosso,  where  the  ore  is  somewhat  different  from  the  ore  of 
Choco ;  it  is  in  grains,  which  seem  to  be  fragments  of  a 
spongy  substance.  The  whole  of  the  particles  are  nearly 
globular,  exhibiting  a  surface  formed  of  small  spheroidal 
protuberances  strongly  cohering,  and  the  interstices  are  clean 
and  even  brilliant.  This  platinum  includes  many  small  par- 
ticles of  gold,  but  none  of  the  magnetic  iron  sand,  or  of  the 
small  zircons  which  accompany  the  Peruvian  ore.  It  is 
mixed  with  small  grains  of  native  palladium,  which  may  be 
recognised  by  their  fibrous  or  radiated  strudlure,  and  par- 
ticularly by  their  chemical  charadlers. 
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in  the  sand  of  the  River  Jacky,  near  the  mountains  of  Sibao. 
Like  those  of  Choco,  they  are  in  small  brilliant  grains,  as  if 
polished  by  friftion.  The  sand  containing  them  isquartzose 
and  ferruginous.  Like  the  platinum  of  Choco,  this  native 
platinum  contains  chromium,  copper,  osmium,  iridium,  rho- 
dium, palladium,  and  probably  titanium.  Vauquelin  found 
no  gold  amongst  the  grains. 

4.  Platinum  is  largely  produced  in  the  Russian  territories, 
in  the  auriferous  sands  of  Kuschwa,  250  wersts  from  Ekate- 
rinebourg,  and  consequently  in  a  geological  position  seem- 
ingly analogous  to  that  of  South  America.  It  occurs  chiefly 
at  Nischnetagilsk  and  Goroblagodat  in  the  Ural,  in  alluvial 
and  drift  material. 

These  auriferous  sands  are,  indeed,  almost  all  super- 
ficial ;  they  cover  an  argillaceous  soil ;  and  include,  together 
with  gold  and  platinum,  debris  of  dolerite  (a  kind  of  green- 
stone) protoxide  of  iron,  grains  of  corundum,  &c.  The 
platinum  grains  are  not  so  flat  as  those  from  Choco,  but  they 
are  thicker ;  they  are  also  less  brilliant,  and  have  more  of  a 
leaden  hue.  Langier's  analysis  showed  this  platinum  to  be 
similar  in  purity  to  that  of  Choco ;  but  the  leaden-grey 
grains,  which  were  taken  for  a  mixture  of  osmium  and 
iridium,  are  merely  an  alloy  of  platinum  containing  25  per 
cent  of  these  metals.  In  Russia,  platinum  has  been  formed 
into  coins  of  11  and  22  roubles  each,  equal  to  about  £1  15s. 
and  £s  los.  respeftively.  And  this  country  affords  an  amount 
of  platinum  nearly  ten  times  larger  than  that  produced  in 
Brazil,  Columbia,  St.  Domingo,  and  Borneo. 

Platinum  has  been  known  in  Europe  since  1748,  though 
it  was  discovered  in  1736  by  Anton  Ulloa  in  the  sand  of  the 
river  Pinto  in  Choco.  European  chemists  submitted  it  to 
minute  investigations  in  1750,  and  Chabaneau*  first  formed 
it  into  bars.  Platinum  was  discovered  in  Russia  in  1822. 
But  the  first  exadl  knowledge  of  the  noble  metals  in  alluvial 
ground  was  obtained  by  Alexander  von  Humboldt,  Gustavus 

•  B.  u.  h.  Ztg.,  1861,  p.  335. 
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IS.OSC,  ana  H/nrenoerg,  on  ineir  expeaition  to  me  urai  ana 
Altai  mountains  and  to  the  Caspian  Sea.* 

Platinum  has  been  lately  discovered  in  France,t  and  in  the 
Alps.J  Gueymardll  discovered  platinum  in  the  Alps  of  the 
Dauphin^  and  of  Savoy  in  many  minerals,  rocks,  and  in 
the  sand  of  rivers,  also  in  the  zinc,  iron,  and  steel  of  other 
countries.  Pettenkofer§  found  platinum  in  nearly  all  the 
commercial  silver  produced  by  smelting  processes,  and  also 
in  gold.  The  gold  in  the  sand  of  the  RhineH  contains  0*041  per 
cent  of  platinum ;  the  palladium  extradted  from  gold  at 
the  Wilhelms-hiitte,**  in  the  Hartz,  also  contains  some 
platinum.  The  price  of  platinum,  in  proportion  to  the  price 
of  silver,  is  about  as  5  to  i.tt 

WollastonJt  first  produced  pure  platinum,  devoting  twenty- 
five  years  to  the  investigation  of  this  subjedt.  His  method  of 
extradting  platinum  was  not  published  until  shortly  before  his 
death,  in  1828. 

Chabaneaullll  is  sometimes  considered  to  be  the  first 
producer  of  pure  platinum. 

PROCESSES  FOR  THE  EXTRACTION  OF  PLATINUM  FROM 

ITS  ORES. 

The  extraftion  of  platinum  was  exclusively  efifedled  in  the 
wet  way  until  lately,  when  Deville  published  his  dry  process, 
which  produces  a  more  compadl  and  durable  metal  in  a 
simpler  and  cheaper  manner. 

Whichever  way  is  employed,  the  raw  platinum  sand 
requires  a  previous  dressing,  usually  consisting  of  washing  the 
sand  by  more  or  less  complicated  machines  ;§§  afterwards 

*  B.  u.  h.  Ztg.,  1842,  p.  19.  G.  Rose,  Reisse  n.  d.  Ural.,  a  Bde.,  1837  u. 
1842.    Bd.  ii.,  p.  386. 

f  Ann.  d.  min.,  4  ser.,  xvi.,  505.     Pogo.,  xxxi.,  590. 

I   Ibid.,  5  livr.,  de  1849,  p.  495  ;  i  livr.,  de  1854,  p.  165. 

li  Ibid.,  X  livr.,  de  1854,  p.  165. 

§  Bgwkfd.,  xii.,  38.  Erdm.,  J.  f.  pr.  Ch.,  xxxiv.,  383. 

H  Gmelin,  Ch.,  iii.,  699  (1844). 
*♦  Pooo.,  xxxiv.,  380. 
ft  B.  u.  h.  Ztg.,  1842,  p.  9. 

XI  Fogg.,  xv.,  299  ;  xvi.,  168.     Erdm.,  J.  f.  ok.  u.  techn.  Chem.,  vi.,  221. 
nil  B.  u.  h.  Ztg.,  i86i,p.  335. 
§§  Berggeist,  1861,  No.  26. 


r- 


682  PLATINUM. 

the  gold  18  extradled  by  amalgamation,  and  the  iron  ore  as 
far  as  possible  by  the  magnet.  Sand  purified  in  this  manner 
is  sold  under  the  name  of  raw  platinum. 

The  composition  of  the  raw  platinum  is  shown  by  the 
following  analyses*  : — 

I.  II. 

Platinum 78*94  5775 

Palladium 028  0-25 

Rhodium o'86  2*45 

Iridium 4*97  3'i 

Osmium —  0"8i6 

Iron ii"04  679 

Copper 070  0*2 

Osm-Iridium       1*96  27*65 

No.  I.  Non-magnetic  grains  from  Nischnetagilsk  on  the 
Ural,  by  Berzelius. 

No.  II.  Raw  platinum  from  California,  by  Weil. 


The  Extraction  of  Platinum  in  the  Wet  Way. 

The  whole  of  the  platinum  ore  from  the  Ural  is  sent  to 
the  mint  at  St.  Petersburg,  t  where  it  is  treated  by  the 
following  process. 

The  ore  is  first  ground  and  sifted,  and  then  put  into  open 
porcelain  vessels  capable  of  containing  from  3  to  4  lbs.  of 
ore,  along  with  15  or  20  lbs.  of  aqua  regia,  consisting  of 
3  parts  of  muriatic  acid  and  i  part  of  nitric  acid.  A  number 
of  these  vessels  are  placed  upon  a  sand  bath  covered  by  a 
glazed  dome  with  movable  panes,  surmounted  by  a  ventilating 
chimney  to  carry  the  vapours  out  of  the  laboratory.  Heat 
is  applied  until,  in  eight  or  ten  hours,  no  more  vapours  of 
nitrous  acid  appear.  After  settling,  the  supernatant  liquid 
is  decanted  into  large  cylindrical  glass  vessels,  the  residuum 
is  washed,  and  the  washing  is  also  decanted  off.  A  fresh 
quantity  of  aqua  regia  is  now    poured   upon   the   residue. 


*  Gm BLiN.,  Handb .  J.  Ch.,  iii.,  700  (1844).  Lampad.,  Fortschr.,  1839, 
p.  106. 

+  ErdMm  J*  ^' ^'C-  u.  techn.  Chem.,  xiv.,  319.  Pogg.,  xxxiii.,  99;  xl.,  209. 
LampaDm  Fortschr.  1839,  pp.  if  95, 108.  Ure's  Didionary  of  Arts,&c.,  iii.,  442. 
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This  treatment  is  repeated  until  the  whole  solid  matter  has 
disappeared.  For  solution  the  ore  requires  from  ten  to 
fifteen  times  its  weight  of  aqua  reg^a,  according  to  the  size 
of  its  grains. 

Solutions  thus  made  are  acid,  which  is  essential  to  prevent 
the  iridium  from  precipitating  with  the  platinum  by  the 
solution  of  hydrochlorate  of  ammonia,  which  is  next  added. 
The  yellow  precipitate,  which  is  a  double  salt — 

(NH.CI  +  PtCU, 
having  been  allowed  to  form,  the  mother  liquor  is  poured  off, 
the  precipitate  is  washed  with  cold  water,  dried,  and  calcined 
in  crucibles  of  platinum,  thus  yielding  metallic  platinum  in 
a  spongy  form. 

Cold  water  should  be  used  to  wash  the  precipitate,  other- 
wise the  resulting  platinum  will  be  contaminated,  chiefly  by 
iridium.  Jacquelin*  recommends  a  mixture  of  25  parts  of 
chloride  of  potassium  and  3  parts  of  chloride  of  ammonium 
for  precipitating  100  parts  of  platinum,  thus  producing  a 
more  malleable  platinum. 

The  mothers  liquors  and  the  washings  are  afterwards 
treated  separately.  The  mother  liquors  are  concentrated  to 
one-twelfth  of  their  bulk  in  glass  retorts ;  on  cooling  they 
deposit  the  iridium  in  the  state  of  an  ammoniacal  chloride, 
in  a  dark  purple  po^^er,  occasionally  crystallised  in  regular 
octahedrons.  The  washings  are  evaporated  in  porcelain 
vessels,  and  the  residue  is  calcined  and  treated  like  fresh  ore  ; 
but  the  platinum  it  affords  needs  a  second  purification. 

To  save  aqua  regia  in  the  process,  Descotilst  and  HessJ 
fuse  the  ores  with  eight  or  ten  times  their  quantity  of  zinc ; 
they  then  extraft  zinc  from  the  pulverised  and  sifted  alloy 
by  means  of  sulphuric  acid,  and  afterwards  iron,  copper,  and 
lead  by  nitric  acid,  and  finally  they  treat  the  residue  with 
aqua  regia. 

B6champ  supposes  that  platinum  dissolves  in  chloride  of 
iron  thus : — 

Pt  +  aFcaCla  =  PtCla  +  4FeCl. 

•  Bgwkfd.,  iii.,  386. 

t  Karst.,  Arch.,  i  R.,  iii.,  ga. 

;  Erdm.,  J.  f.  pr.  Ch.|  Bd.  40,  p.  49^. 
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property  of  welding.  Platinum  commences  to  soften  at  a 
low  red  heat,  but  its  welding  only  takes  place  at  a  white 
heat. 

The  first  operation  is  to  render  the  spongy  platinum 
compadl ;  according  to  WoUaston,*  this  may  be  efifedled  in 
the  following  manner : — The  spongy  platinum  is  ground  and 
mixed  with  water  to  form  a  paste,  and  strongly  pressed  in  a 
brass  cylinder  by  means  of  a  steel  piston.  The  formed  cake 
of  platinum  is  heated,  first  moderately,  and  afterwards  in  a 
powerful  wind  furnace  to  as  high  a  temperature  as  possible, 
and  worked  under  heavy  hammers  whilst  still  red  hot. 

Platinum  only  melts  at  the  very  highest  temperatures.t 

PettenkoferJ  has  improved  Wollaston's  method ;  he  first 
produces  spongy  platinum  free  from  iridium  by  dissolving  it 
in  aqua  regia,  precipitating  the  platinum  by  means  of  muriate 
of  ammonia,  and  gently  heating  the  precipitate  in  a  retort. 
He  next  boils  the  spongy  mass  with  nitric  acid  and  thoroughly 
washes  it.  The  spongy  mass  is  ground  with  water  to  form 
a  fine  paste,  and  pressed  in  quadrangular  moulds  by  means 
of  a  hydraulic  press  or  a  projecting  lever.  The  pressed 
platinum  is  then  hammered  on  an  anvil  whilst  repeatedly 
heated  to  whiteness,  and  a  mixture  of  calcined  borax  and 
potash  in  equal  parts  is  sprinkled  upon  the  platinum  plate 
and  heated  with  it,  thus  removing  any  superficial  impurity. 

The  welding  and  hammering  of  the  platinum  must  be 
effecSled  quickly,  as  platinum  loses  its  heat  much  sooner  than 
iron. 

At  St.  Petersburg,  the  spongy  mass  is  pounded  in  bronze 
mortars  to  agglomerate  the  platinum  ;  the  powder  is  passed 
through  a  fine  sieve,  and  put  into  a  cylinder  of  the  size  of 
the  proposed  ingot.  The  cylinder  is  fitted  with  a  rammer, 
which  is  forced  in  by  a  coining  press,  till  the  powder  is 
much  condensed.  It  is  then  turned  out  of  the  mould,  and 
baked  thirty-six  hours  in  a  porcelain  kiln,  after  which  it  may 

*  PoGO.,  XV.,  299  ;  xvi.,  158. 

t  Erdm.,  J.  f.  pr.  Ch.,  xvi.,  512;  xix.,  180.  B.  u.  h.  Ztg.,  1853,  p.  537. 
Karst.,  Arch.,  i  R.,  i.,  6,  p.  117;  iii.,  90. 

I  DiNOL.,  Bd.  Ill,  p.  371.     Bgwkfd.,  xiii.,  191. 


hammer. 

Platinum  utensils  which  have  been  used  for  some  time 
become  blistered,  perforated,  and  useless ;  this  may  be  owing 
to  the  platinum  having  been  produced  by  Jeanetty*s  old 
method*  in  the  dry  way,  as  it  would  then  contain  some 
arsenic  which  would  become  gaseous  when  heating  the 
platinum  vessels ;  sulphur,  silicium,  and  particles  of  ash,  &c., 
may  adl  in  the  same  manner.  But,  according  to  Pleischl,t 
perfedlly  pure  platinum  may  behave  in  the  same  manner  if 
it  has  been  imperfedlly  forged,  when  some  interstices  filled 
with  air  remain  in  the  platinum,  and  then  gradually  enlarge 
by  re-heating.  Pettenkofer  and  ErdmannJ  state  that  when 
repeatedly  heated,  platinum  receives  a  grey  coating  from 
the  disintegration  of  its  surface,  and  that  it  gradually  becomes 
brittle  by  a  molecular  change;  this  may  be  avoided  by 
rubbing  the  platinum  vessels  with  sea-sand  every  time  after 
using  them. 

The  residues  of  the  process  for  extrafting  platinum  contain 
chiefly  palladium,  iridium,  osmium,  rhodium,  and  ruthenium, 
which  can  only  be  separated  by  complicated  operations.  || 

Alloys  of  platinum§  with  iridium  and  rhodium  have  lately 
been  produced,  and  are  employed  instead  of  pure  platinum, 
as  they  are  harder  and  better  able  to  resist  the  readlion  of 
acids,  chiefly  of  aqua  regia. 

Osm-iridiumH  is  employed  for  tipping  the  nibs  of  gold  pens. 

The  Extrad^ion  of  Platinum  in  the  Dry  W^ay. 

Deville  and  Debray**  produce  platinum  by  the  following 
methods. 

•  Dumas,  Angew.  Chem.,  iv.,  416. 

t  Pooo.,  Ixiii.,  113. 

X  B.  u.  h.  Ztg.,  1861,  p.  40. 

II  Pooo.,  Bd.  31,  p.  161 ;  Bd.  65,  p.  200.  Erdm.,  J.  f.  pr.  Ch.,  xxxiv.,  173, 
420 ;  Ixxx.,  282.  DiNQL.,  Bd.  133,  p.  270 ;  154,  Hft.  4  and  5.  Bd.  169,  p.  278. 
B.  u.  h.  Ztg.,  1862,  p.  256.    Ann.  d.  Chem.  u.  Pharm.,  Bd.  120,  p.  gg. 

§  B.  u.  h.  Ztg.,  i860,  pp.  20,  272 ;  1861,  p.  407 ;  1862,  p.  290.  Dinol., 
Bd.  165,  pp.  198,  205.     Polyt.  Centr.,  1858,  pp.  1159,  1450. 

IT  B.  u.  h.  Ztg.,  1862,  pp.  256,  290. 

••  Ibid.,  i860,  pp.  256,  272  ;  1861,  p.  170;  1862,  p.  76.  Ann.  d.  min.,  5  s^r. 
torn.  16 ;  torn.  18,  p.  11.     Dingl.,  Bd.  154,  pp.  130,  199,  Hft.  4  and  5. 
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X.  Melting  Platinum  Ores. — Platinum  ores,  mixed  with 
4  or  5  per  cent  of  lime,  are  melted  at  a  very  high  tem- 
perature in  the  furnace  represented  by  Fig.  197.     a,  a,  are 

Fig.  197. 


hollowed  lumps  of  well  burned  lime  placed  one  above  another 
(bricks  rich  in  silica  are  sometimes  employed).  The  lime 
is  placed  in  the  casing,  6,  provided  with  the  handle,  c,  for 
tilting  over  the  case  in  order  to  pour  out  its  contents,  d  is 
the  opening  for  charging  and  emptying  the  apparatus ;  there 
is  another  opening  for  charging  the  apparatus  on  the  roof 
of  the  furnace ;  this  opening  is  kept  closed  by  a  plug  of  lime. 
e,  e,  are  copper  tubes  joined  at  their  lower  parts  on  tubes  of 
platinum,  serving  to  admit  hydrogen  gas  or  carburetted 
hydrogen  gas  by  the  tubes,  g,  g,  which  are  furnished  with 
cocks,  /,  /;  h  are  smaller  tubes  of  copper  fixed  to  the  tubes,  e, 
by  the  stuffing  boxes,  w,  and  provided  at  their  mouths  with 
platinum  nozzles.  They  are  also  provided  with  the  cocks, 
/,  /,  and  serve  to  admit  oxygen  gas.  These  tubes.  A,  A,  can  be 
moved  up  and  down  in  the  stuffing  boxes  in  order  to  regu- 
late the  combustion  of  the  gases.     Smaller  furnaces  have 
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sometimes  only  one  tube  for  admitting  oxygen.  The  sedlion 
of  the  tube  for  admitting  carburetted  hydrogen  gas  must  be 
about  I  square  centimetre,  and  the  tube  for  admitting 
oxygen  must  be  about  2  or  2^  milimetres  wide  at  the  end 
where  oxygen  escapes.  The  oxygen  is  introduced  under  a 
pressure  of  4  or  5  centimetres.  It  is  cheapest  when  produced 
by  conducing  sulphuric  acid  through  red-hot  spongy 
platinum,  thus  decomposing  the  sulphuric  acid  into  oxygen 
and  sulphurous  acid ;  the  sulphurous  acid  is  absorbed  by 
water  and  caustic  soda. 

If  oxygen  and  carburetted  hydrogen  are  introduced  in  the 
proper  proportion,  the  resulting  flame  bums  without  noise ; 
if  oxygen  is  in  excess  the  flame  whistles,  and  too  much  car- 
buretted hydrogen  causes  a  blowing  of  the  flame. 

The  flame  must  touch  the  ore  so  as  to  melt  it  gradually, 
thus  volatilising  osmium,  gold,  palladium,  and  copper  par- 
tially, whilst  some  copper,  iron,  silicium,  &c.,  become  oxi- 
dised, fused,  and  partly  imbibed  by  the  porous  lime.  The 
metal  remaining  is  an  alloy  of  platinum,  iridium,  and  rho- 
dium, from  which  platinum  may  be  extrafted  by  aqua  regia. 
Upon  tilting  the  furnace  over  by  means  of  the  handle,  c,  the 
fused  platinum  may  be  poured  out  through  the  opening,  d, 
and  made  to  run  into  moulds  of  sand,  lime,  gas-coke,  or 
mould  of  cast-iron  brushed  with  plumbago  ;  but  moulds  of 
wrought  iron  coated  inside  with  platinum  plate  are  best.  To 
avoid  a  spitting  of  the  platinum  an  excess  of  carburetted 
hydrogen  gas  is  admitted  towards  the  end  of  the  process ;  old 
platinum  may  also  be  re-melted  in  this  way  in  charges  of 
50  lbs.*  An  ingot  of  fused  platinum,  2J  cwts.  in  weight, 
was  shown  by  Messrs.  Johnson  and  Matthey  in  the  Exhi- 
bition at  London,  in  1862. 

Fused.and  refined  platinum  is  as  soft  as  copper,  and  whiter 
and  less  porous  than  common  platinum  ;  it  condenses  gases 
on  its  surface,  and  possesses  a  specific  gravity  of  2i'i5.  At 
a  temperature  near  its  melting  point  it  crystallises  in  cubes 
and  odtahedrons,  and,  according  to  Debray,  if  kept  for  a  longer 
time  above  its  melting  point,  it  volatilises ;  when  melted  for 

•  B.  u.  h.  Ztg.,  1861,  p.  170. 
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a  longer  time  and  rapidly  cooled,  it  shows  the  phenomenon 
of  spitting.  Platinum  does  not  fuse  in  a  porcelain  furnace, 
but,  according  to  Aubel,*  it  does  in  Rachett's  iron  blast  fur- 
naces. Richter  and  Heraust  doubt  this,  and  explain  it  by 
the  formation  of  more  easily  fusible  combinations  of  platinum 
with  either  carbon  or  silicium.  Heraus  suggests  that  the  spit- 
ting of  platinum  only  takes  place  if  oxygen  is  admitted  under 
too  great  a  pressure. 

2.  Smelting  of  Platinum  Ores  with  Galena. — Equal 
parts  of  platinum  ore  and  galena  are  fused  in  a  reverberatory 
furnace,  and  continually  stirred  until  a  lead  matt  has  been 
formed  with  the  iron  contained  in  the  platinum  ore,  and  till 
the  platinum  has  alloyed  with  the  separated  lead.  Some 
difficultly  fusible  glass  is  now  added,  the  temperature  raised, 
and  litharge  is  gradually  added  to  decompose  the  matt. 
When  no  more  sulphurous  acid  is  emitted,  the  metal  bath  is 
allowed  to  settle  for  some  time,  depositing  osm-iridium ;  the 
plumbiferous  slag  is  tapped  off,  and  the  plumbiferous  plati- 
num ladled  out.  The  residue  is  reserved  for  the  next  smelt- 
ing until  it  is  sufficiently  rich  in  osm-iridium.  The  plumbi- 
ferous platinum  is  then  cupelled  and  refined  in  the  lime 
furnace. 

3.  Production  of  pure  Platinum  by  combined  Wet 
and  Dry  Processes. — The  ore  is  dissolved  in  aqua  regia, 
the  chlorides  decomposed  by  heating,  the  reduced  platinum 
separated  from  the  undecomposed  chlorides  by  washing,  the 
platinum  is  boiled  with  nitric  acid,  and  then  refined  in 
the  lime  furnace.  The  washed  out  substances  are  heated 
with  sulphuric  acid  to  extradl  iron,  copper,  and  part  of  the 
palladium,  and  the  remaining  oxides  of  rhodium  and  iridium 
are  washed,  dried,  and  reduced  in  a  crucible. 

In  i862,t  about  50  cwts.  of  raw  platinum  were  produced 
in  Russia. 

•  B.  u.  h.  Ztg.,  X862,  p.  392  ;  1863,  P-  272. 

t  Ibid.,  1863,  PP-  i95«  356- 

;  Ibid.,  1862,  p.  419;  1864,  PP'  329.  341- 
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SULPHUR. 

PRINCIPAL  SULPHUR  ORES. 

Sulphur  is  produced  from  the  following  ores  and  sub- 
stances : — 

1.  Native  Sulphur. — Sulphur  is  found  native  in  three  dif- 
ferent forms — 1st,  in  kidney-shaped  lumps,  disseminated 
through  layers  of  tertiary  or  contemporaneous  formations ; 
2nd,  in  irregular  masses  in  chalky  formations,  associated 
with  gypsum  and  rock  salt ;  it  is  principally  found  in  this 
condition  in  the  mines  of  Sicily,  which  supply  nearly  all 
the  commercial  sulphur  in  Europe;  3rd,  as  a  sublimate 
round  the  mouths  of  volcanoes,  where  it  is  mixed  with  the 
ashes  or  sand ;  the  solfataras  of  Guadaloupe  and  Pouzzales 
supply  it  in  this  state. 

The  principal  sulphur  mines  of  Sicily  are  situated  near 
Cattolica,  Girgenti,  Licata,  Caltanisetta,  Caltascibetta,  Cen- 
torbi,  and  Sommatino. 

Sulphur  in  admixture  with  different  minerals  is  called 
sulphurous  earth. 

2.  Metallic  Sulphides,  chiefly  iron  pyrites,  FeS^,  con- 
taining 53-33  per  cent  of  sulphur;  and  copper  pyrites, 
CuaS,  FcaSg,  containing  34*89  per  cent  of  sulphur. 

3.  Artificial  Produces,  such  as  the  residues  of  the  manu- 
facture of  soda,  which  contain  oxysulphide  of  calcium,  and 
allow  of  the  extradlion  of  the  sulphur  in  an  indire<5l  way. 

VOL.  I  2  Y 
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SYNOPSIS  OP  PROCESSES  POR  THE  EXTRACTION  OP 
SULPHUR  PROM   ITS  ORES. 

According  to  the  richness  of  the  ores,  these  processes  are 
based  either  upon  a  liquation  process,  when  the  ores  are 
very  rich,  or  upon  a  heating  of  the  ores,  and  expelling  the 
sulphur  in  the  form  of  a  vapour,  which  is  colledled  and 
condensed  (distilling  process).  The  sulphur  produced  by 
the  liquation  process  contains  more  mechanical  admixtures 
than  the  distilled  sulphur.  Sulphur  forms  a  thin  fluid  at 
112^  C,  and  solidifies  at  108^  or  109®  C. ;  it  is  a  thick  fluid  of  a 
darker  colour  at  140^  C,  and  it  forms  a  pasty  mass  scarcely 
fusible  at  220^  C.  When  heated  up  to  340°  its  mobility 
decreases,  and  its  volatilisation  commences  at  from  420^  to 
440%  when  it  is  almost  black. 

The  apparatus  used  for  the  distillation  of  the  sulphur  varies 
in  different  establishments.  Closed  vessels  (tubes  of 
iron  or  clay)  are  sometimes  used,  which  must  be  heated  by  a 
separate  firing.  Open  heaps  or  cupola  furnaces  are  made 
use  of  in  other  works,  and  then  the  temperature  required  for 
distillation  is  produced  by  burning  part  of  the  sulphur. 

The  choice  between  the  different  methods  chiefly  depends 
on  the  prices  of  fuel,  sulphur,  and  labour. 

As  the  expulsion  of  the  last  portions  of  sulphur  from 
pyrites  necessitates  a  higher  temperature  than  is  required  at 
the  commencement  of  the  process,  and  as  the  higher  tem- 
perature attacks  the  distilling  vessels  more  strongly,  a  large 
yield  is  always  abandoned  in  order  to  save  fuel.  Iron 
pyrites  may  yield  23  per  cent  of  sulphur  when  heated  so  as 
to  form  magnetic  pyrites — 

7FeSa  =  6S  +  6FeS,  FeS, ; 

but  the  smelting  works  do  not  usually  produce  more  than 
15  or  18  per  cent.  Copper  pyrites,  Cu,S,  FcaSj,  yields  9  per 
cent  of  sulphur,  being  ultimately  transformed  into  CuaS,2FeS. 
The  raw  sulphur  obtained  by  the  liquation  or  distilla- 
tionprocess  contains  mechanical  admixtures  of  ore,  and 
sometimes  arsenic  and  selenium  in  chemical  combination. 
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According  to  Phipson,*  sulphur  from  the  Solfatara,  Naples, 
contained  87*6  per  cent  of  sulphur,  iri6z  per  cent  of  arsenic, 
and  0*264  per  cent  of  selenium. 

Only  the  mechanical  admixtures  are  separated  by  refining 
the  sulphur,  either  by  a  re-melting  or  a  subliming.  The 
sulphur  produced  from  pyrites  is  still  more  impure  than  that 
extracted  from  sulphurous  earths.  It  is  said  that  the 
common  English  brimstone,  such  as  was  extrafted  from 
the  copper  pyrites  of  the  Parys  mine  in  Anglesea,  contained 
fully  a  fifteenth  of  residue,  chiefly  orpiment,  insoluble  in 
boiling  oil  of  turpentine^  The  residues  of  the  extradlion  of 
sulphur  from  sulphurous  earths  are  thrown  away;  those 
from  iron  pyrites  are  used  for  the  production  of  sulphate  of 
iron  and  alum ;  and  if  they  contain  valuable  metals,  such  as 
copper,  silver,  or  lead,  the  residues  are  submitted  to  suitable 
processes  for  extracting  these  metals. 

For  extradling  sulphur  from  the  residues  of  the  soda 
manufacture,  different  methods  have  been  recommended,  some 
of  which  have  been  brought  to  great  perfection*  Gossage, 
Favre,  and  Noble  treat  the  residues  with  the  muriatic  acid 
resulting  as  by-produCl  from  the  soda  manufacture,  producing 
sulphuretted  hydrogen  gas,  which  is  then  decomposed  by 
sulphurous  acid,  forming  sulphur  and  pentathionic  acid : — 
5SO,  +  5HS  «  5S  +  S3O3  +  5HO; 

this  entails  a  great  loss  of  sulphur. 

Three  different  methods  have  been  patented  in  England,  as 
follows : — L.  Mond,  8th  September,  1863 ;  M.  Schaffner, 
23rd  September,  1865  ;  P.  W.  Hofmann,  9th  April,  1866. 
These  processes  are  all  based  on  the  same  principle,  viz., 
the  conversion  of  the  insoluble  sulphide  of  calcium  in  the 
waste  into  soluble  compounds  by  bringing  the  waste  into 
contact  with  air  in  order  to  oxidise  it;  the  lixiviation  of 
the  oxidised  mass;  and  the  precipitation  of  the  sulphur 
in  these  liquors  by  a  strong  acid, — in  practice  muriatic 
acid.  Though  it  is  only  within  the  last  few  years  that 
sulphur  has  for  the  first  time  been  regularly  manufactured 
from  alkali  waste  by  Mr.  Mond's  process,  the  progress  of 

•  ErdMm  J.  f.  pr.  Ch.,  Bd.  88,  p.  497. 
2  Y  2 
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this  new  industry  has  advanced  so  rapidly  that,  at  the  Pans 
Exhibition  of  1867,  no  less  than  seven  works  exhibited 
sulphur  recovered  from  waste  by  the  methods  patented 
in  England. 

Mr.  Ludwig  Mond*  describes  this  important  process  as 
follows : — 

"  Alkali  waste,  black  ash  waste,  tank,  vat,  or  blue  waste, 
are  the  different  names  of  the  insoluble  residue  obtained 
by  the  lixiviation  of  artificial  crude  soda,  or  black  ash, 
produced  by  Leblanc's  celebrated  process  for  the  manufa<5lure 
of  alkali.  Every  ton  of  alkali  produces  no  less  than  1^  tons 
of  dry  waste,  and  this  waste  has  been  always  regarded  as  the 
gfreatest  drawback  to  this  important  manufafture.  The  enor- 
mous quantities  of  waste  thus  obtained  are  generally  deposited 
in  the  neighbourhood  of  the  works,  often  forming  hills  of  con- 
siderable height.  In  damp  weather  especially  this  waste 
evolves  large  quantities  of  sulphuretted  hydrogen,  that  most 
noxious  and  most  disagreeable  of  all  gases,  greatly  annoy- 
ing the  surrounding  population ;  and,  moreover,  the  rain 
and  ground-water  coming  into  contadt  with  it  dissolve  out 
considerable  quantities  of  yellow  liquor,  containing  hydro- 
sulphide  and  polysulphide  of  calcium,  which  poisons  the 
water  of  all  wells  and  rivers  to  which  it  has  access.  These 
evil  results  are  altogether  due  to  the  sulphur  contained 
in  the  waste,  which  amounts  to  no  less  than  80  per  cent 
of  all  the  sulphur  used  in  the  manufacture  of  alkali,  and 
which  represents,  of  course,  a  very  considerable  value. 

*'  In  1852,  W.  S.  Losh  took  out  a  patent  for  obtaining  hypo- 
sulphite of  soda  by  exposing  waste  in  heaps  to  the  atmo- 
sphere, lixiviating  it,  adding  carbonate  of  soda  to  the  liquor, 
and  crystallising." 

Mr.  Mond  now  makes  the  further  statements  : — 

"  Being  engaged  in  researches  on  the  different  processes 
for  sulphur  recovery  by  Mr.  Gossage  and  others,  in  the 
summer  of  i860,  my  attention  was  drawn  to  Mr.  Losh's 
patent,  and  I  at  once  started  a  series  of  experiments  in  order 
to  ascertain  whether,  and  under  what  conditions,  a  quantity 
of  hyposulphite   of  lime   could   be   obtained   by  oxidation 

t  Chemical  News,  1867,  No.  398,  399. 


nioiti7f? 


RECOVERING   SULPHUR   FROM  ALKALI  WASTE.  693 

of  the  waste,  which  would  render  practicable  the  extraftion 
of  sulphur  on  a  large  scale,  and  its  recovery  by  means  of 
muriatic  acid.  I  soon  found  out  that  the  formation  of  soluble 
sulphur  compounds  in  the  waste  increased  only  up  to  a 
certain  maximum,  when  sulphur  to  the  extent  of  about  5  per 
cent  of  the  weight  of  the  dry  waste  could  be  extrafted  by  lixivi- 
ation,  and  that  this  quantity  decreased  by  exposing  the  waste 
any  longer.  When  these  soluble  compounds,  however,  were 
washed  out,  the  waste  oxidised  quite  as  well  a  second  time, 
a  similar  quantity  of  sulphur  being  obtained  again ;  and  this 
treatment  could  be  advantageously  repeated  even  a  third 
time. 

"  The  waste  I  used  for  these  experiments  being  lixiviated 
by  a  singular  method,  since  abandoned,  was,  however,  so 
dense  that  all  efforts  to  oxidise  it  in  heaps  or  by  forcing  air 
through  it  failed,  so  that  I  had  to  expose  it  in  shallow  layers 
on  shelves.  This  process  was  patented  in  France  in 
December,  1861,  and  in  England  in  August,  1862,  and  sul- 
phur to  the  extent  of  12  per  cent  of  the  waste  has  been 
obtained  by  it  in  considerable  quantities  in  a  German  alkali 
works. 

"  Coming  to  England  in  the  autumn  of  1863,  I  very  soon 
found,  however,  that  the  enormous  quantities  of  waste  to  be 
treated,  and  the  high  rate  of  wages,  made  this  process  quite 
imprafticable  here,  and  that  the  waste  produced  by  the 
excellent  process  of 'lixiviating  black  ash  in  general  use  in 
this  country  was  very  likely  to  allow  of  a  much  more  simple 
treatment.  I  tried  again  to  oxidise  it  by  forcing  air  through 
it,  and  succeeded  so  well  that  the  time  necessary  to  oxidise 
and  lixiviate  the  waste,  which  had  previously  been  six  to 
eight  weeks,  was  soon  reduced  to  60  or  80  hours,  and  that 
manual  labour  was  almost  altogether  avoided  by  performing 
these  operations  in  the  same  vat  in  which  the  waste  was 
produced,  without  moving  the  latter.  These  fafts  led  to  a 
new  process,  which  was  patented  the  8th  of  September,  1863, 
since  when  there  have  been  no  alterations  in  the  main  fea- 
tures of  the  process. 

'*  In  place  of  the  set  of  four  vats,  generally  in  use  for  lixivi- 
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ating  black  ash,  I  employ  a. set  of  ten  or  twelve.  All  these 
are  connected  by  pipes  in  the  usual  way,  so  that  the  soda 
liquor  runs  from  the  bottom  of  one  vat  to  the  top  of  the  next 
one,  and  by  special  pipes  and  taps,  which  allow  the  sulphur 
liquor  to  run  out  of  the  bottom  of  each  vat  to  the  top  of  any 
other  vat  in  the  set.  Besides  this,  they  are  provided  with 
extra  taps  and  shoots  to  convey  the  sulphur  liquor  to  wells 
or  settlers.  The  lower  parts  of  all  the  vats  are  connected 
with  a  fan,  capable  of  producing  a  pressure  of  about  7  inches 
of  water  by  pipes,  with  dampers,  which  regulate  the  quantity 
of  air  passing  through.  A  silent  fan  of  Schick's  construction, 
20  inches  in  diameter,  price  £'10,  propels  a  sufficient  quantity 
of  air  for  the  treatment  of  the  waste,  resulting  from  100  tons 
of  salt-cake  per  week.  Four  of  these  vats  are  always  filled 
with  black  ash  in  the  course  of  lixiviation,  the  other  six  or 
eight  with  waste  to  be  treated  according  to  my  invention. 
As  soon  as  the  black  ash  is  completely  spent  and  the  weak 
liquor  well  drained  off,  the  connection  with  the  fan  is  opened. 
The  waste  soon  begins  to  heat,  (the  temperature  gradually 
rising  above  aoo"*  F.),  gives  off  quantities  of  steam,  be- 
coming greenish  and  afterwards  yellow  on  the  top,  gets  more 
and  more  dry,  and  would  take  fire  if  the  air  was  passed 
through  long  enough.  The  period  at  which  oxidation  should 
be  stopped,  and  the  passing  of  air  discontinued,  so  as  to 
give  the  best  results,  must  be  ascertained  in  each  works  by 
experiment,  and  varies  according  as  much  or  little  hyposul- 
phite in  the  liquors  is  desirable.  In  the  beginning  of  the 
action,  hydrosulphide  and  bisulphide  of  calcium  are  formed, 
which  are  afterwards  oxidised  into  hyposulphite.  A  part  of 
the  hyposulphite  is  again  decomposed  into  sulphur  and  sul- 
phite, which  is  very  insoluble,  and  cannot  be  extrafted  by 
lixivation.  Carrying  the  oxidation  too  far  would  therefore 
entail  a  serious  loss.  On  an  average,  the  time  of  exposure 
will  be  limited  to  between  12  and  24  hours.  The  waste  is 
now  lixiviated  systematically  with  cold  water,  the  weaker 
liquors  passing  from  one  vat  to  the  next  one  in  coarse  of 
lixiviation,  so  as  to  obtain  only  strong  liquors,  which  opera- 
tion can  be  easily  performed  in  6  to  8  hours.  When  this 
lixiviation  is  finished,  air  is  again  passed  through  the  waste 
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in  exadlly  the  same  way  as  before,  the  waste  is  again  lixivi- 
ated, and  the  same  treatment  repeated  a  third  time.  The 
vat  is  then  ready  to  be  cast,  and  is  again  filled  with  black 
ash.  When  the  operations  have  been  condufted  well,  sul- 
phur equal  to  about  12  per  cent  of  the  weight  of  the  salt- 
cakes  used  in  making  black  ash,  is  obtained  in  solution  from 
the  waste.  The  waste  contains  only  traces  of  sulphide  of 
calcium,  and  is  principally  composed  of  carbonate  of  lime, 
sulphite  and  sulphate  of  lime,  which,  far  from  being  noxious, 
make  the  waste,  on  the  contrary,  a  valuable  manure.  In 
separating  the  sulphur  from  the  liquors  thus  obtained,  by 
adding  muriatic  acid,  I  met  with  much  more  difficulty  than 
I  had  anticipated  from  apparently  so  simple  a  reacftion. 

"  Firstly,  I  wanted  an  easy  and  rapid  method  of  deter- 
mining the  quantity  of  acid  necessary  for  the  decomposition 
of  a  given  quantity  of  liquor,  which  always  contains  hypo- 
sulphite, polysulphite,  and  hydrosulphide  of  calcium  and 
sodium.  For  this  end  I  availed  myself  of  the  following 
method : — 

"  I.  The  hyposulphite  is  determined  as  usual  by  a  standard 
solution  of  iodine  and  starch,  after  having  first  separated -the 
polysulphide  and  hydrosulphite  by  adding  an  excess  of 
chloride  of  zinc,  and  filtering. 

"  2.  To  a  certain  quantity,  say  3*2  c.c.  of  the  original 
liquor,  and  starch,  is  added  a  standard  solution  of  iodine 
until  it  turns  blue ;  the  liquor  is  then  again  decolourised  by  a 
drop  of  hyposulphide  of  soda  solution,  and  litmus  and  a 
standard  solution  of  caustic  soda  are  added  until  the  liquid 
is  neutral. 

"  The  following  reactions  take  place : — 

2CaO,S^O^  +  I  =  Cal  +  CaO,S405, 
C3lSx  +  I  =  Cal  +  xS, 
CaS,HS  +  2I  =  Cal  +  S,  +  HI, 
HI  +  NaO  =  Nal  +  HO. 

Thus  the  caustic  soda  corresponds  to  the  sulphuretted 
hydrogen,  the  iodine  used  in  the  first  titration  to  the  hypo- 
sulphite, and  from  the  iodine  used  in  the  second  titration  and 


sulphide  is  easily  calculated. 

**  Using  for  both  titrations  3*2  c.c,  of  liquor,  and  standard 
solutions  containing  one-tenth  of  an  equivalent  per  litre,  and 
presuming  that  the  polysulphide  is  bisulphide  only,  we  have 
simply  to  add  the  measures  of  iodine  used  in  both  determina- 
tions, to  subtradl  the  measures  of  caustic  soda,  and  divide 
this  number  by  ten,  in  order  to  find  the  total  percentage  of 
sulphur  in  the  liquor,  from  which  the  muriatic  acid  is  easily 
calculated,  every  3a  of  sulphur  requiring  36*5  of  hydrochloric 
acid. 

"  Generally  the  polysulphide  contains  very  little  more 
than  two  equivalents  of  S  to  one  of  Ca,  so  that  this  method 
is  also  sufficiently  exaA  for  the  determination  of  the  sulphur 
in  the  liquors,  for  praAical  purposes. 

"  Though  this  method  has  been  proved  to  be  perfeftly 
corredl  by  a  number  of  accurate  experiments,  the  muriatic 
acid,  as  calculated  by  it,  was  still  more  than  was  actually 
required  to  effedl  a  complete  decomposition  of  the  liquor. 
A  number  of  careful  investigations  made  with  the  view  of 
explaining  this  fadl  have  shown  that,  contrary  to  the  asser- 
tions of  all  chemical  handbooks,  the  produ<5ls  of  the  decom- 
position of  hyposulphite  of  lime  by  muriatic  acid  are  com- 
paratively little  sulphur  and  very  little  sulphurous  acid,  but 
principally  trithionic  acid,  and  a  small  quantity  of  penta- 
thionic  acid.  The  reaction  was  proved  to  take  place  princi- 
pally according  to  the  following  equation — 

SCaOSaO,  +  3HCI  =  3CaCl  +  3HO  +  aCaOSaOj  +  4S. 

"  On  boiling,  the  trithionate  of  lime  is  decomposed  to  sul- 
phate of  lime,  sulphur,  and  sulphurous  acid.  The  latter 
transforms  a  portion  of  the  hyposulphite,  which  is  still  in  the 
liquor,  again  into  trithionate,  according  to  the  well-known 
equation — 

aCaOS^Oa  +  380^  =  zCsiOSfi^  +  S. 

The  newly*formed  trithionate  is  again  decomposed,  and  so 
on.  In  consequence  of  these  reactions  it  is  possible  to  de- 
compose a  solution  of  hyposulphite  of  lime  completely  into 
sulphur,  sulphate  of  lime,  and  very  little  sulphurous  acid  by 
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adding  to  it  when  boiling  a  quantity  of  muriatic  acid  sufficient 
to  neutralise  about  one-half  of  the  lime  in  solution. 

"  In  places  where  hydrochloric  acid  has  a  comparatively 
high  value  these  fadls  may  be  taken  advantage  of.  As,  how- 
ever, at  the  present  moment,  fully  one-half  of  the  acid  pro- 
duced by  the  decomposition  of  salt  is  run  into  the  rivers  or 
passes  into  the  air,  and  as,  besides,  the  above-quoted  rea(5lions 
involve  a  very  heavy  loss  of  sulphur  in  the  form  of  sulphate 
of  lime,  and  produce  also  a  very  impure  sulphur,  I  prefer  the 
following  plan,  which  avoids  these  inconveniences : — 

''  The  oxidation  of  the  waste  is  regulated  so  as  to  obtain 
a  liquor  which  contains  as  nearly  as  possible  to  every  equi- 
valent of  hyposulphite  two  equivalents  of  sulphide.  This 
liquor  is  decomposed  by  first  adding  to  a  certain  small  quan- 
tity of  acid  an  excess  of  liquor  until  there  is  a  trace  of  sulphide 
in  the  mixture ;  then  a  quantity  of  acid  sufficient  to  neutralise 
the  whole  of  the  calcium  is  poured  in,  a  new  quantity  of 
liquor  equivalent  to  this  last  quantity  of  acid  is  added,  and 
then  acid  again,  and  liquor  again,  and  so  on,  until  the  vessel 
is  nearly  filled.  To  the  last  liquor  only  one-half  of  the  re- 
quired acid  is  added,  and  steam  introduced,  until  the  liquid 
shows  a  temperature  of  about  140**  F.  Pradlically  speaking, 
the  liquor  and  the  acid  are  poured  at  the  same  time  into  the 
decomposing  vessel  in  nearly  equivalent  proportions,  the 
workmen  taking  care  to  keep  a  small  excess  of  liquor  up  to 
the  end  of  the  operation.  This  part  of  the  process  is  carried 
on  in  wooden  tanks  covered  in  and  connefted  to  a  chimney, 
in  order  to  carry  oflf  any  sulphuretted  hydrogen  which  may 
be  evolved  by  mistake  of  the  workman.  If  properly  carried 
out  there  should  be,  however,  no  appreciable  quantity  of  that 
gas  evolved. 

"  The  pradlical  result  of  this  mode  of  working  is  simply 
precipitation  of  nearly  the  whole  of  the  sulphur  in  a  pure 
state : — 

CaO,SaOa  +  2CaS;^  +  3HCI  =  sCaCl  +  3HO  +  (a  +  x)S. 

The  details  of  the  reaiSlion  are,  however,  very  complicated, 
almost  all  the  different  acids  of  sulphur  being  probably  formed 
during  the  process. 
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''  In  the  first  place,  by  adding  liquor  to  acid,  some  sul- 
phuretted hydrogen  is  given  off  (which  may  be  avoided  by 
starting  the  operation  with  liquor  rich  in  hyposulphite)  and 
hyposulphurous  acid  is  set  free,  which  will  give  rise  to  the 
formation  of  sulphurous  and  several  thionic  acids.  All  these 
are,  however,  again  converted  into  hyposulphite  by  the  sul- 
phide of  calcium  in  the  liquor,  then  added  in  excess  . — 

3&rO,  +  zCaSy  =  2CaO,SaOa  +  (sx  +  2y  +  4)8. 
3S;r05  +  sCaSy  =  5CaO,SaOa  +  (3x  +  5y  +  io)S. 

The  muriatic  acid  entering  next  thus  only  produces  hypo- 
sulphurous  acid,  and  its  products  of  decomposition,  which 
are  again  converted  into  sulphur  and  hyposulphite  without 
the  formation  of  any  gaseous  produA,  and  so  on.  At  the 
end  there  is  a  certain  quantity  of  hyposulphite  left  in  the 
liquors,  which  is  decomposed  into  sulphate  and  sulphur  by 
adding  an  insufficient  amount  of  muriatic  acid.  In  practice 
about  90  per  cent  of  the  muriatic  acid,  calculated  according 
to  the  above-described  method,  are  required  to  effe<5t  thus  the 
complete  decomposition  of  a  well-proportioned  liquor.  If  it 
contains  more  hyposulphite  than  above  indicated,  less  acid 
is  of  course  to  be  used.  About  90  per  cent  of  the  sulphur 
contained  in  the  liquor  is  precipitated  in  an  almost  pure  state, 
and  settles  exceedingly  well  within  two  hours.  The  super- 
natant clear  solution  of  chloride  of  calcium  is  then  drawn  off 
and  another  operation  directly  commenced  in  the  same  vessel. 
As  soon  as  a  sufficient  quantity  of  sulphur  is  coUedled  in  it, 
which  will  depend  on  the  size  of  the  vessel  and  on  the 
strength  of  the  liquor  (varying  from  4  per  cent  to  7  per  cent 
of  sulphur),  it  is  drawn  out  by  means  of  a  door  at  the  lower 
part  of  the  vessel  into  a  wooden  tank  with  a  double  floor, 
where  the  chloride  of  calcium  is  washed  out  by  water, 
and  the  sulphur  then  simply  melted  down  in  an  iron  pot. 
The  produA  thus  obtained  contains  only  from  one-tenth  per 
cent  to  I  per  cent  of  impurities,  and  is  thus  by  far  superior 
to  any  sort  of  brimstone  in  the  market,  though  it  has  some- 
times a  rather  darker  colour,  caused  by  traces  of  sulphide  of 
iron,  or  a  little  coal  dust,  which  latter  may  have  been  sus- 
pended in  the  muriatic  acid. 
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"  The  total  yield  of  sulphur  obtained  by  the  process  amounts 
thus  to  10  or  II  per  cent  of  the  weight  of  the  salt-cake  used 
in  making  black  ash,  or  to  about  one-half  of  the  sulphur 
therein  contained,  and  to  about  60  per  cent  of  the  sulphate 
contained  in  the  waste.  I  still  hope,  however,  to  be  able  to 
increase  this  quantity  considerably  by  some  more  years*  ex- 
perience. The  cost  of  produ<aion,  as  well  as  that  of  the 
plant,  are  inconsiderable.  In  the  different  continental  and 
English  works,  where  the  process  has  now  been  working  for 
years,  the  expense  for  wages,  fuel,  and  maintenance  amounts 
only  to  £1  per  ton  of  sulphur,  and  the  outlay  for  the  plant 
has  been  more  than  covered  by  the  net  profits  of  the  first 
year. 

"  The  two  other  processes  represented  at  the  Paris  Exhi- 
bition are,  as  stated,  based  on  the  same  principle. 

"  M.  Schaffner  oxidises  the  waste  in  heaps,  exposing  it 
for  several  weeks,  lixiviates,  and  repeats  this  treatment  three 
times.  He  decomposes  his  liquor  by  adding  muriatic  acid, 
after  having  heated  it  to  the  boiling  point,  conducting  the 
sulphurous  acid  formed  into  a  vessel  filled  with  fresh  liquor, 
and  thus  producing  sulphur  mixed  with  large  quantities  of 
sulphate  of  lime,  as  above  stated.  This  impure  sulphur  he 
refines  in  a  very  ingenious  way  by  melting  it  under  water  in 
a  closed  vessel  provided  with  an  agitator,  thus  obtaining  a 
product  of  remarkably  fine  colour  and  great  purity.  This 
process  has  been  adopted  in  a  number  of  German  works. 

"  M.  P.  W.  Hofmann  oxidises  the  waste  by  spreading  it 
on  a  large  surface  and  moistening  it  with  a  solution  of  chloride 
of  manganese  in  order  to  facilitate  the  oxidation,  which, 
however,  requires  some  weeks  before  it  is  completed.  He 
then  lixiviates,  and  in  order  to  separate  sulphur  from  the 
liquors  so  obtained  he  avails  himself  of  the  muriatic  acid 
contained  in  the  waste  liquor  of  bleaching  powder  stills,  as 
has  already  been  proposed  by  Messrs.  Townsend  and  Walker 
in  i860.  He  mixes  these  liquors  in  such  proportions  as  just 
to  saturate  the  free  acid,  and  thus  obtains  a  produft  con- 
taining about  92  per  cent  of  sulphur." 

Hofmann's  process  is  in  operation  at  the  alkali  works  at 
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DievLze,  near  Nancy,  in  France*  and  is  described  by  Mr.  I. 
Lothian  Bell,*  as  follows : — 

**  In  the  manufacture  of  soda  the  use  of  sulphur  plays  an 
important  part ;  the  office  it  performs  being  to  effedt,  in  the 
form  of  sulphuric  acid,  the  decomposition  of  common  salt. 

^*  The  sulphate  of  soda  obtained  from  this  a<5tion  in  its 
turn  is  subjefted  to  decomposition  by  exposure  to  heat  along 
with  carbonate  of  lime  and  coal,  a  process  which  transfers, 
praAically,  almost  the  whole  of  the  sulphur  to  the  lime,  or 
to  the  metallic  base  of  this  earth,  the  only  exception  being 
the  small  portion  which  remains  with  the  soda  as  an  impurity. 

**  This  new  combination  of  sulphur  is  separated  from  the 
soda  salts  by  lixiviation,  and  the  portions  undissolved,  con- 
taining the  sulphides  of  lime  and  calcium,  and  known  as 
soda-waste,  are  thrown  away. 

"  I  will  not  dwell  on  the  inconvenience  the  soda-maker 
is  exposed  to  from  having  to  provide  deposit-room  for  such 
a  large  quantity  of  refuse  as  the  mode  of  treatment  just 
mentioned  gives  rise  to,  nor  on  the  somewhat  offensive 
nature  of  the  soda-waste  itself,  rendering  the  alkali  manu- 
faAurer's  heap  ansrthing  but  a  desirable  neighbour. 

"  Various  are  the  plans  which  have  been  suggested  for 
the  recovery  of  this,  the  most  costly  element  of  the  soda- 
maker's  process,  but  hitherto,  so  far  as  a<5tual  praAice  is 
concerned,  the  whole  of  the  sulphur  employed  by  them  may 
be  said  to  be  still  thrown  aside  after  it  has  once  done  the 
duty  just  alluded  to. 

**  Having  heard  a  favourable  account  of  a  method  in 
operation,  at  the  Chemical  works  of  the  Dieuze  Company, 
near  Nancy,  by  the  permission  of  the  proprietors,  I  visited 
that  establishment  in  the  month  of  July  last,  and  it  is 
a  brief  account  of  their  process  that  I  give  in  the  following 
communication. 

"  It  will  be  convenient  at  this  stage  of  the  description  to 
mention  that  in  most  soda-works  there  exists  another 
residual  product  scarcely  less  embarrassing  in  its  nature 
than  that  previously  mentioned.    The  muriatic  acid  obtained 

*  Chemical  News,  1867,  No.  408. 
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from  decomposition  of  common  salt  with  sulphuric  acid, 
along  with  peroxide  of  manganese,  is  employed  very 
extensively  in  the  manufadlure  of  bleaching  powder,  a 
process  which  gives  rise  to  the  generation  of  a  large  quantity 
of  liquid  chloride  of  manganese  mixed  with  chloride  of  iron 
and  free  hydrochloric  acid.  The  whole  of  these  solutions 
are  run  away  into  the  nearest -water-course  in  the  vicinity 
of  the  different  manufadlories. 

"  The  process  I  am  about  to  describe  requires  the  assist- 
ance of  this  second  equally  valueless  material.  The 
operation  is  as  follows: — The  soda-waste,  after  being 
removed  from  the  vessels  in  which  it  has  been  separated 
from  the  soda,  is  thrown  into  a  tank  of  stone-work  about 
twenty  yards  long,  by  five  in  width,  and  six  feet  deep.  In 
this  vessel  an  intimate  mixture  is  easily  effected  of  the  soda- 
waste  and  the  metallic  chlorides  of  the  refuse  from  the 
bleaching  powder  process,  and  from  which  later  all  the  free 
muriatic  acid  has  been  removed  in  a  manner  to  be  hereafter 
described.  Were  the  free  acid  still  present,  a  loss  of  sulphur 
by  the  generation  of  sulphuretted  hydrogen  would  take  place, 
and  this  on  all  accounts  it  is  obviously  best  to  avoid. 

"  A  few  hours  suffice  to  convert  the  chlorides  of  manganese 
and  of  iron  into  sulphides,  when  the  soluble  chloride  of 
calcium  generated  by  the  aftion  is  allowed  to  drain  off.  The 
solid  matter  remaining  is  cast  out  into  a  heap  by  the  side  of 
the  tank  containing  it.  In  two  or  three  days  the  heap  is 
turned  over,  and  in  a  short  time  a  considerable  elevation  of 
temperature  ensues,  indicative  of  strong  chemical  aftion. 
To  restrain  this  somewhat,  the  mass  is  kept  moist,  otherwise 
spontaneous  combustion  would  ensue,  sulphur  would  be 
wasted,  and  the  desired  results  generally  interfered  with. 
During  this  stage  of  the  process  the  metallic  sulphides, 
under  the  joint  adtion  of  the  atmosphere  and  moisture,  are 
peroxidised,  and  sulphur  is  separated.  The  oxides  of 
manganese  and  iron  so  obtained  are  by  subsequent  turning 
over  brought  into  contadt  with  other  portions  of  sulphide  of 
calcium  of  the  soda-waste,  and  are  again  converted  into 
their  respective  sulphides,  which  give  up  their  sulphur  a 
second  time  in  the  way  already  described.     The  process  is 
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continued  so  long  as  there  remains  any  sulphide  of  calcium 
from  which  it  is  sought  to  separate  sulphur  in  the  manner 
explained.  The  sulphur  thus  liberated  is  taken  up  by 
another  portion  of  the  sulphide  of  calcium  of  the  soda-waste, 
and  a  polysulphide  of  calcium  results  from  the  combination, 
which  is  soluble  in  water.  The  formation  of  polysulphide 
continues  as  long  as  other  portions  of  the  original  sulphide 
of  calcium  go  on  3delding  up  their  sulphur  to  generate  the 
sulphides  of  manganese  and  iron.*  In  this  way  almost  the 
whole  of  the  sulphide  of  calcium  originally  contained  in  the 
soda-waste  is  converted  into  polysulphide  of  calcium,  hypo- 
sulphite, and  oxysulphide  of  lime,  all  of  which  are  easily 
dissolved  in  water.  Something  like  four  or  five  days  are 
required  to  effeA  these  changes.  These  soluble  salts  are 
separated  from  the  insoluble  portions  of  the  mass  exadUy  in 
the  same  way  as  the  ball  alkali  is  treated  for  obtaining  the 
soda  it  contains.  Vats  resembling  in  constru<5tion  those 
of  the  soda  works,  and  of  a  capacity  equal  to  the  daily  pro- 
duftion  of  soda-waste,  are  placed  near  the  locality  in  which 
the  preceding  stage  of  the  process  has  been  efifedted,  and  in 
a  very  speedy  manner  the  polysulphide  and  other  salts  are 
run  off  as  a  deep  orange  yellow  solution,  hereafter  denomi- 
nated the  yellow  liquor. 
''  The  composition  of  the  insoluble  portion  is  as  follows: — 

CaO,S03 66-248 

CaO,CO, 1-320 

CaO 20-982 

FcaOa  and  AlaOj 7-000 

MnO 1-500 

Insoluble 2'8oo 

99-850 


a 


^  As  a  refuse  this  substance  will  be  recognised  as  being 
of  an  inoffensive  chara(5ler  to  the  neighbourhood,  so  far  as 
any  subsequent  chemical  action  is  concerned.  Unlike  the 
original    soda-waste,  it  contains  no  ingredient    liable  to 

*  Along  with  this  formation  of  polysulphide  of  calcium  there  goes  on  at 
the  same  time  a  generation  of  hyposulphite  and  oxysulphides  of  lime,  due  to 
the  liberation  of  oxygen  from  the  metallic  oxides  at  the  moment  of  being  again 
converted  in  sulphides. 
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oxidation ;  it  cannot  therefore  give  off  any  of  those  unpleasant 
compounds  which  more  or  less  are  found  in  the  vicinity  of 
all  alkali  works.  It  is,  moreover,  not  unreasonable  to  expedt 
that  a  matter  consisting  chiefly  of  CaO,S03  and  CaO  may  be 
found  useful  as  a  stimulant  to  various  descriptions  of  soils, 
and  thus  the  whole  of  the  S  used  in  the  soda  process  in  one 
shape  or  another  may  be  rendered  useful,  instead  of  being  a 
nuisance,  as  is  the  case  at  present. 

*'  The  residual  products  from  the  bleaching  powder  works 
are  received  into  a  tank  so  built  that  free  hydrochloric  acid 
does  not  destroy  the  strufture.  By  this  means  any  insoluble 
portions  are  separated,  and  the  clear  liquid  is  run  off  into  an 
adjoining  cistern. 

"  To  this  acid  solution  of  chloride  of  manganese  and  iron 
is  added  that  of  the  polysulphide  of  calcium  and  the  lime  com- 
pounds of  sulphur  obtained  in  the  manner  previously  given. 
The  presence  of  free  hydrochloric  acid  causes  an  immediate 
precipitation  of  all  the  sulphur,  free  from  the  sulphide  of 
calcium  and  the  accompanying  substances  containing 
sulphur ;  and  the  addition  of  the  yellow  liquor  is  continued 
until  the  first  appearance  of  a  black  colour,  indicative  of  all 
the  free  acid  being  neutralised,  and  the  first  portion  of  iron 
from  the  chlorine  residuum  commencing  to  be  precipitated. 
The  precipitated  sulphur  is  removed  from  the  liquid,  and  the 
greater  portion  of  the  accompanying  water  is  separated  by 
pressure.  After  this  the  remainder  of  the  moisture  is 
expelled  by  a  very  low  heat,  and  the  sulphur  is  then  em- 
ployed for  producing  sulphuric  acid. 

"  It  is  obvious  from  what  has  preceded  that  the  chlorides 
of  manganese  and  iron  must  be  left  in  the  solution  from 
which  the  free  hydrochloric  acid  has  just  been  removed  in 
precipitating  the  sulphur ;  and  it  is  in  this  way  that  the 
neutral  solutions  of  these  metals  are  obtained  which  are 
required  for  operating  upon  subsequent  portions  of  the  soda- 
waste. 

*'  This  process  has  been  in  operation  at  Dieu^e  for  some 
months,  and  at  the  present  moment  by  its  means  about 
i^  tons  of  sulphur  are  being  recovered  daily.  It  will  be  seen 
that  no  new  material  is  required,  the  only  ingredients  being 
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apparatus  employed  is  oi  a  most  simple  cnaracter,  consisting 
almost  entirely  of  tanks,  on  which  the  expense  for  main- 
tenance will  be  a  mere  trifle — in  faift,  the  whole  cost  is  one 
of  labour,  which  at  the  Dieiize  works  amounts  to  something 
like  40s.  per  ton  on  the  sulphur  obtained. 

"  Supposing  40  per  cent  of  the  sulphur  used  in  this 
kingdom  to  be  thus  recovered,  the  annual  saving  this  process 
is  capable  of  effedling  will  amount  to  a  considerable  sum. 

"  Instead  of  employing  the  *  yellow  liquor  *  and  the 
chloride  of  manganese  in  the  way  set  forth  in  this  paper,  an 
attempt  has  been  made  at  Dieu^e  to  employ  both  as  a  means 
of  recovering  manganese,  a  desideratum  with  bleaching- 
powder  makers  as  eagerly  sought  for  as  the  regeneration  of 
sulphur  has  been  with  the  soda  manufacturer.  I  shall  with 
your  permission  proceed  to  describe  the  process  which  the 
owners  of  the  establishment  assured  me  promises  to  be  a 
success. 

"  The  acid  solutions  from  the  bleaching-powder  works, 
being  all  required  in  order  to  precipitate  sulphur  by  means 
of  the  free  hydrochloric  acid,  contain  a  considerable  quantity 
of  neutral  chlorides  of  manganese,  and  will  remain  on  hand. 
To  such  portions  of  these  neutral  chlorides  as  are  not  used 
in  the  sulphur  process  itself,  yellow  liquor  is  added  in  a 
suitable  tank  so  long  as  a  black  precipitate  falls,  which  is 
variable  in  quantity  with  the  varying  composition  of  the 
manganese  used.  The  black  precipitate  consists  of  sulphide 
of  iron  and  free  sulphur,  which  can  be  colle<5led  and  burnt 
in  an  ordinary  furnace  for  burning  pyrites. 

**  The  iron  being  thus  all  separated  from  the  metallic 
solution,  a  fresh  quantity  of  yellow  liquor  is  added,  by  which 
all  the  manganese  is  thrown  down,  the  precipitate  consisting 
of  some  free  sulphur  and  sulphide  of  manganese. 

"  The  sulphide  of  manganese  is  burnt  in  the  same  way  as 
that  of  iron,  but  the  residue,  instead  of  being  all  oxide,  as  is 
the  case  when  the  sulphide  of  iron  is  under  treatment,  is 
composed  of  protoxide  and  binoxide  of  the  metal  mixed  with 
a  certain  quantity  of  sulphate  of  manganese.  The  oxides 
are  separated  in  the  usual  way  by  water,  and  being  almost 
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chemically  pure,  are  of  great  value  to  the  glass-makers,  to 
whom  the  presence  of  the  iron  usually  found  associated 
with  commercial  manganese  is  a  subjeft  of  great  incon- 
venience. 

"  The  sulphate  of  manganese,  in  a  concentrated  solution, 
is  added  to  nitrate  of  soda  in  quantities  denoted  by  the 
equivalents.  When  heated,  decomposition  takes  place; 
nitrous  acid  is  given  ofiF,  which  may  be  used  in  the  sulphuric 
acid  chambers,  or  otherwise  disposed  of;  and  the  residue 
consists  of  sulphate  of  soda  and  the  protoxide  and  binoxide 
of  manganese,  which  latter  represent,  so  far  as  available 
oxygen  is  concerned,  a  manganese  amounting  to  65  to  70  per 
cent  of  binoxide.  The  oxides  of  manganese  are  separated 
from  the  sulphate  of  soda  in  the  usual  way  by  washing  with 
water,  and  both  used  for  any  purpose  to  which  these  two 
substances  are  commonly  applied. 

"  I  may  add  that  these  operations  have  been  carefully 
examined  by  some  of  the  leading  men  of  science  in  France, 
both  in  their  pra<5lical  and  scientific  relations,  and  that  ill 
the  recent  adjudication  of  prizes  at  the  International  Exhi- 
bition, at  Paris,  the  inventors  had  a  gold  medal  awarded  for 
the  service  they  are  considered  to  have  rendered  to  the 
industry  of  their  country." 

Spencer*  produces  sulphuretted  hydrogen  from  the  residues 
of  the  soda  manufadture  and  from  lime  which  has  been  used 
for  purifying  coal  gas.  This  sulphuretted  hydrogen  gas  is 
made  to  reaift  upon  per*  and  protoxide  of  iron,  forming 
sulphide  of  iron,  which  is  then  submitted  to  a  distillation  or 
roasting  process. 

Great  quantities  of  froth-like  sulphur  are  separated  from 
the  mother  liquor  obtained  in  the  produdlion  of  iodine  in 
Scotland,!  owing  to  the  decomposition  of  polysulphides  and 
hyposulphites. 

Though  these  processes,  striftly  speaking,  are  not  metal- 
lurgical operations,  we  have  not  hesitated  to  give  the  most 
important  of  them  in  extenso,  as  their  further  development 

•  Polyt.  Centr.,  i860,  p.  555. 
f  Wagner's  Jahresbcr.,  1859,  p.  168. 
VOL.  I.  2  Z 
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will  influence  the  price  of  sulphur,  and  thus  indire<5tly  bear 
upon  the  extradtion  of  sulphur  from  its  ores. 

The  chief  methods  of  extradling  sulphur  from  its  ores  may 
be  classified  under  the  two  following  divisions  . — 

I.  EXTRACTION  OP  SULPHUR  PROM  SULPHUROUS 

EARTHS. 

Very  rich  earths  are  melted  in  pans.  In  Sicily,  Milos,  and 
Spain  these  ores  are  liquated  in  small  cupola  furnaces  after 
the  old  Sicilian  method.  An  improved  method  is  now 
also  employed  in  Sicily,  namely,  a  liquation  in  mounds. 
At  Radoboi  and  Swoszowice,  the  sulphurous  earths  are  dis- 
tilled in  furnaces. 

II.  EXTRACTION  OP  SULPHUR  PROM  IRON  PYRITES 

OR  PYRITIC  ORES. 

At  Altsattel  and  Rosenau  these  ores  are  distilled  in  vessels ; 
they  are  roasted  in  cupola  furnaces  at  Johann-Georgenstadt, 
Breitenbrunn,  and  Sembirsk;  roasted  in  mounds  at  Bohemia, 
Saxony,  Salzburg,  Steyermark,  and  Agordo ;  and  roasted  in 
open  heaps  at  the  Lower  Hartz  and  Agordo. 

The  raw  sulphur  resulting  from  either  of  those  methods 
is  then  submitted  to  purification  either  by  re-melting,  dis- 
tilling or  subliming. 

X.  Extra<!^ion  of  Sulphur  from  Sulphurous  Earths. 

The  following  methods  of  extraction  are  used  according 
to  the  richness  of  the  ores  and  the  prices  of  fuel  and  sulphur. 

I.  Smelting  very  Rich  Ores  in  Pans. — The  richest  pul- 
verulent Sicilian  sulphurous  earths  are  melted  in  cast-iron 
pans  with  a  capacity  of  about  2  cubic  metres.  The  ores  are 
gradually  charged  whilst  stirring  till  the  pans  are  filled, 
when  the  gangue  is  removed  from  the  liquid  mass.  The 
temperature  must  be  kept  a  few  degrees  above  the  fusion- 
point  of  the  sulphur  so  as  to  render  the  sulphur  as  liquid  as 
water  without  igniting  it,  and  to  allow  a  perfedl  separation 
of  the  earthy  substances  at  the  bottom  of  the  pan  and  on 
the  surface  of  the  fused  mass.  Having  allowed  the  whole  to 
settle,  the  froth  formed  on  the  surface  is  skimmed  off,  and  the 
clarified  sulphur  ladled  into  iron  boxes,  allowing  the  deposit 
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at  the  bottom  of  the  pan  toj-emain  till  after  several  meltings. 
The  cold  sulphur  is  broken  into. pieces  and  sold  as  raw 
sulphur.  The  melting  of  one  charge  in  pans  with  a  capacity 
of  2  cubic  metres  takes  from  6  to  8  hours,  the  clarification 
of  the  mass  12  hours,  and  the  ladling  out  2  hours,  consuming 
an  amount  of  wood  equal  in  weight  to  10  per  cent  of  the  ore 
treated.  The  removed  gangue  retains  about  30  per  cent  of 
sulphur,  and  the  deposits  on  the  bottom  more  than  40  per 
cent.  Both  are  thrown  away.  The  richness  of  the  residues 
prevents  the  treatment  of  poor  ores  by  this  method. 

2.  Liquation  of  the  Sulphur  in  Apparatus  (Cupola 
furnaces  or  covered  heaps)  with  a  greater  or  smaller  admission 
of  air,  thus  burning  part  of  the  sulphur  in  producing  the  tem- 
perature required  for  liquation.  The  Sicilian  furnaces 
(calcarelle)  cause  a  greater  loss  of  sulphurous  acid  (20  per 
cent  of  sulphur  and  more)  than  the  covered  heaps  (calcaroni), 
owing  to  a  too  speedy  combustion.  The  covered  heaps  may 
be  placed  in  the  immediate  vicinity  of  dwelling  houses  and 
cultivated  fields,  whilst  the  older  furnaces  had  to  stand  some 
thousands  of  feet  from  them  and  were  in  operation  only 
in  a  certain  season  of  the  year ;  working  in  covered  heaps 
is  also  less  injurious  to  the  health  of  the  workmen.  Since 
i860.  Hill  has  tried  to  avoid  the  noxious  influence  of  the  sul- 
phurous acid  by  melting  the  ores  in  high  cylindrical  furnaces, 
directing  the  combustion  gases  of  coal  through  the  furnaces. 

Poor  and  moderately  rich  sulphurous  earths  were  formerly 
liquated  in  Sicily  in  cylindrical  furnaces  6  or  7  feet  wide  and 
4  or  5  feet  high,  the  sole  of  the  furnace  being  somewhat 
inclined,  and  furnished  with  an  open  channel  for  igniting  the 
ores  and  removing  the  residues.  The  furnace  had  also 
several  openings  for  admitting  air,  and  one  for  tapping  off  the 
liquated  sulphur.  The  larger  pieces  of  ore  were  placed 
inside  round  the  periphery  of  the  furnace,  upon  a  small  pro- 
jefting  rim,  then  a  sort  of  vault  was  formed  of  smaller 
pieces  with  a  small  opening  at  its  apex,  and  upon  this  still 
smaller  pieces  of  ore  were  placed,  and  lastly  covered  with 
ore  dust,  the  whole  forming  a  pyramid.  A  lining  of  turf, 
7  or  8  inches  broad,  was  placed  round  the  basis  of  the  pyramid, 
which  was  covered  with  straw ;  by  igniting  the  straw  the 
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heat  was  made  to  pass  from  the  outside  to  the  inside.  After 
about  8  hours  the  fused  sulphur  had  coUedted  on  the  bottom 
of  the  furnace,  and  was  tapped  off  either  in  moistened  wooden 
moulds  in  the  form  of  sticks,  or  in  vessels  filled  with  water. 

The  sulphurous  ores  mined  in  Sicily  are  classified  as 
follows : — Very  rich  ores  containing  25  per  cent  of  sulphur ; 
rich  ores  with  20  per  cent ;  good  ores  with  15  per  cent ; 
medium  ores  with  8  per  cent ;  and  poor  ores  with  from  3  to 
6  per  cent.  The  working  of  the  poor  ores  does  not  pay 
their  mining  cost. 

In  the  island  of  Milos*  in  Asia  Minor,  ores  containing  30 
per  cent  of  sulphur  are  liquated  in  furnaces  1*8  metres  high 
and  5  metres  wide,  in  quantities  of  too  tons,  yielding  not 
more  than  from  7J  to  10  tons  of  pure  sulphur. 

In  Spain, f  the  oldest  Sicilian  process  is  30  per  cent 
cheaper  than  the  distillation  process  in  iron  tubes,  and  the 
cost  of  establishing  the  furnaces  was  also  less.  A  Sicilian 
furnace  producing  10  tons  of  sulphur  per  month  costs  jfi6, 
whilst  a  retort  furnace  producing  15  tons  in  the  same  time 
costs  ^600.  No  flowers  of  sulphur  are  produced,  but  ground 
and  sifted  sulphur  is  sold,  the  produ<5lion  of  which  is  cheaper 
by  25  per  cent. 

The  liquation  in  covered  heapsj  is  performed  in  the  fol- 
lowing manner : — The  heap  is  construdled  with  an  inclined 
base  dug  in  the  sole  of  the  sulphur  works,  which  is  coated  with 
a  layer  of  mortar,  a  (Fig.  198),  composed  of  a  mixture  of 
gypsum  and  sand.  The  depth  of  this  excavation  depends 
on  the  richness  of  the  ore  and  on  its  state  of  cohesion.  The 
excavation  is  closed  on  its  working  side  by  a  wall,  6,  which 
is  furnished  with  the  tapping  hole,  c.  This  part  of  the  heap 
is  covered  with  a  wooden  shed,  e.  Two  or  three  iron  rods,  /, 
are  then  inclined  against  the  front  wall,  6,  and  larger  ore 
pieces  piled  up  before  it,  thus  forming  the  open  niche,  A. 
The  excavation,  g,  is  also  filled  with  ore,  and  upon  this 

•  B.  u.  h.  Ztg.,  1863,  p.  74. 
t  Ibid.,  1863,  p.  334. 

{  Oesterr.  Ztschr.,  1856,  p.  70  ;  1861,  p.  394.  Bollby,  Chem.  Technolog., 
2,  Bd.  i.,  Gnippe,  p.  12. 
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foundation  of  ore,  six  or  nine  small  shafts,  i,  are  construdled  of 
large  pieces  of  ore,  whilst  the  intermediate  space,  k,  is  filled 

Fig.    198. 


up  with  ore  in  such  a  manner  as  to  place  the  larger  pieces 
in  the  middle  and  the  small  ore  on  the  periphery  oif  the 
heap.  Care  is  also  taken  to  leave  as  many  interstices 
between  the  pieces  of  ore  as  possible.  The  heap  is  then 
covered  either  with  loam  or  small  ore,  and  upon  this  are 
placed  pounded  residues  of  a  previous  charge,  if  they  are  to 
be  had,  in  order  to  prevent  the  admission  of  too  much  air. 
A  heap  contains  from  100  to  1000  cubic  metres  of  ore,  and  is 
higher  than  the  wall,  b,  by  from  2  to  4  metres.  When  con- 
taining 800  cubic  metres  of  ore  it  burns  about  two  months, 
and  yields  15  per  cent  of  sulphur. 

The  heap  is  ignited  by  throwing  into  the  shafts,  i,  ignited 
bundles  of  grass  dipped  into  fused  sulphur.  After  about  12 
hours  these  shafts  are  covered  with  the  stone  plates,  m ;  the 
top  of  the  heap  is  covered  with  pounded  and  moistened  resi- 
dues, and  the  tapping  hole,  c,  is  closed.  In  about  25  days 
the  tapping  of  the  sulphur  commences ;  cracks  formed  during 
the  operation  in  the  cover  of  the  heap  are  carefully 
closed ;  the  sulphur  is  tapped  off  from  time  to  time  into  a 
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walled  reservoir,  after  having  opened  the  tapping  hole,  if 
required,  by  means  of  a  red-hot  iron  rod ;  sulphur  which  may 
have  ignited  in  the  nich  is  extinguished  by  injedling  water 
through  c.  The  sulphur  is  then  cast  in  moistened  wooden 
moulds,  forming  blocks  or  lumps  (ballate)  of  about  i  cwt. 
each.  The  production  of  i  cwt.  of  sulphur  from  ores 
yielding  lo  per  cent  costs  is.  lod.,  and  that  from  ores  yielding 
15  per  cent,  is.  3d. ;  the  total  cost,  including  the  transport 
to  Palermo,  amounts  respectively  to  2s.  lod.  and  2s.  2d. 

3*  Distillation  of  Sulphur  in  Closed  Vessels  (Tubes, 
Retorts,  or  Pans). — This  method  of  extracting  sulphur  has 
some  disadvantages  in  comparison  with  the  production  of 
sulphur  in  covered  heaps,  which  is  simpler,  cheaper,  and 
allows  a  large  production ;  the  first  outlay  is  much  smaller, 
and  the  saving  of  fuel  when  fuel  is  not  very  cheap  more 
than  outbalances  the  smaller  yield  of  sulphur.  If  fuel  is 
cheap  and  wages  moderate,  the  production  of  sulphur  by  dis- 
tilling the  ores  in  closed  vessels  is  advisable  when  working 
poorer  ores,  on  account  of  its  greater  yield. 

The  furnace  used  for  distillation  in  Swoszowice,*  near 
Cracow,  is  represented  by  Figs.  199,  200,  and  201.     It  con- 

FiG.  199. 
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tains  27  cast-iron  tubes,  a,  each  3  feet  10  inches  long,  and 
18  inches  wide,  in  three  rows.  Each  row  communicates  with 
a  cylindrical  receiver,  6,  from  which  the  uncondensed  vapour 
of  sulphur  enters  into  the  condenser,  d,  by  means  of  the 

*  B.  u.  h.,  Ztg.,  1861,  pp.  1,  15.    Waoner*8  Jahresber.  1862,,  p.  199. 
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tube,  c.     Each  tube  is  provided  in  front  with  four  openings 
for  tapping  off  the  sulphur,  three  of  which  are  always  kept 

Fig.  200. 


Fig.  201. 


closed  during  the  operation,  whilst  the  lowest  one  is  open. 
When  turning  the  tubes  the  lowest  aperture  is  opened ; 
e,  Cy  are  chimneys,  /  the  grate,  and  g  a  tube  for  evolving  the 
vapours  from  d. 

Each  tube  is  charged  with  from  125  to  130  lbs.  of  ore;  and 
during  twelve  hours  the  lower  row  of  tubes  is  distilled  four 
times,  and  the  upper  one  twice ;  thus  the  upper  row  requires  six 
hours  for  undergoing  distillation,  the  middle  row  four  hours, 
and  the  lower  Qti^  three  hours.  From  14  to  15  cwts.  of  raw 
sulphur  are  p^^^iicedin  twelve  hours;  in  wet  weather  from 
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sulphurous  earth,  containing  from  ii  to  14  per  cent  of  sulphur, 
entails  a  mining  cost  of  about  S'yd.  per  cwt.,  and  the  pro- 
duction of  I  cwt.  of  raw  sulphur  costs  8s.  8d. 

The  distillation  process  for  the  separation  of  the  sulphur 
at  the  celebrated  Solfatara  of  Pouzzales,  near  Naples,  where 
the  sulphur  is  condensed  in  considerable  quantities  amongst 
the  gravel  colle<5led  in  the  circle  which  forms  the  interior  of 
the  crater,  is  conduced  as  follows  : — The  mixture  of  sulphur 
and  gravel  is  dug  up  and  submitted  to  distillation  to  extract 
the  sulphur,  and  the  gFavel  is  returned  to  its  original  place, 
and  in  the  course  of  about  thirty  years  is  again  rich  enough 
in  sulphur  for  a  repetition  of  the  process.  The  distillation 
is  effe<5led  in  the  following  manner : — Ten  earthen  pots,  of 
about  a  yard  in  height,  4^  imperial  gallons  in  capacity,  and 
bulging  in  the  middle,  are  arranged  in  a  furnace  called  a 
gallery,  five  being  set  on  one  side,  and  five  on  the  other. 
These  are  so  distributed  in  the  body  of  the  walls  of  the  gal- 
lery that  their  bellies  projeft  partly  without  and  partly 
within,  while  their  tops  rise  out  of  the  vault  of  the  roof.  The 
pots  are  filled  with  lumps  of  sulphur  ore  the  size  of  the 
fist ;  their  tops  are  closed  with  earthenware  lids,  and  from 
their  shoulders  proceed  pipes  about  2  inches  in  diameter, 
which  bend  down  and  enter  into  other  covered  pots,  with 
holes  in  their  bottoms,  standing  over  a  tub  filled  with  water. 
On  applying  heat  to  the  gallery,  the  sulphur  melts,  volati- 
lises, and  runs  in  a  liquid  state  into  the  tubs,  where  it 
solidifies.  When  one  operation  is  finished,  the  pots  are 
re-charged,  and  the  process  repeated. 

In  some  other  Sicilian  establishments  iron  pots  or  pans 
are  used  instead  of  earthen  ones.  They  are  closed  with  an 
iron  lid,  and  the  distilled  sulphur  is  condudled  into  iron  or 
earthen  vessels.  To  save  time  and  fuel  in  this  process,  the 
ore,  previous  to  its  being  charged  in  the  pots,  is  warmed  in 
a  walled  chamber,  which  is  heated  by  the  gases  escaping 
from  the  distilling  furnaces. 

This  process*  has  lately  been  considerably  improved.   The 

*  Quarterly  Journal  of  Science  ;  London,  July,  1868  ;  No.  xix,  p.  413. 
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in  the  form  of  a  truncated  cone,  is  filled  with  the  ore  of  sul- 
phur. There  is  a  grating  at  the  bottom  to  prevent  the  ore 
from  falling  through  into  the  receiver,  and  under  this  a  strainer 
of  sheet-iron  pierced  with  small  holes.  Up  the  centre — 
passing  from  top  to  bottom — ^is  a  pipe  communicating  with  a 
steam  boiler,  which  pipe  is  perforated  with  small  holes.  The 
vessel  containing  the  ore  is  carefully  closed,  the  steam  is 
turned  on,  and,  issuing  from  the  perforated  pipe,  it  finds  its 
way  amidst  the  ore.  In  the  course  of  a  short  time  the  sul- 
phur melts ;  becoming  very  liquid,  it  flows  through  the  grate 
and  the  strainer  into  the  receiver  in  which  it  is  kept  in  a  liquid 
state,  until  all  the  ore  in  the  vessel  is  exhausted;  it  is  then 
run  off  into  moulds. 

An  apparatus  of  this  kind  has  been  put  up  at  the  Elvetica 
Iron  Works,  and  the  saving  of  time,  and  therefore  of  money, 
is  very  great.  The  produftion  of  sulphur  appears  to  be  in- 
creased from  20  per  cent  to  37J  per  cent. 

At  Radoboi  in  Croatia,  yellowish  brown  kidney-shaped 
lumps,  containing  from  95  to  98  per  cent  of  sulphur,  and 
weighing  from  ^  oz.  up  to  several  pounds,  are  worked  for  the 

Fig.  202. 


production  of  flowers  of  sulphur.     The  apparatus  is  repre- 
sented by  Fig.  202.     a  is  a  cast-iron  pan  for  receiving  the 
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ore  in  charges  of  120  lbs. ;  b,  cast-iron  cylinder  provided 
with  the  charging  opening,  c ;  (2  is  a  tube  of  iron  plate  ; 
e  is  the  condenser  construfted  of  wood  and  iron  plate  and 
furnished  with  partition  walls,  /.  The  flowers  of  sulphur 
collefted  in  this  condenser  arc  Bnely  divided  and  perfeftly 
free  from  acid.  The  receiver,^,  communicates  with  the 
atmosphere  by  means  of  valves,  and  the  flowers  of  sulphur 
herein  coUedled  contain  sulphurous  and  sulphuric  acid ;  the 
flowers  of  sulphur  coUefted  in  the  last  compartment,  h,  of 
the  condenser,  e,  also  contain  some  acid,  no  lbs.  of  flowers 
of  sulphur  are  produced  in  12  hours,  with  a  consumption  of 
about  10  cubic  feet  of  wood.   The  pan  lasts  about  three  years. 

II.  Extra(5lion  of  Sulphur  from  Iron  Pyrites  and 
Pyritic  Ores. 

If  the  produiftion  of  sulphur  from  iron  pyrites  is  the  chief 
objedl,  this  extraction  is  mostly  effe(5led  in  closed  vessels  in 
order  to  obtain  the  highest  yield,  though,  on  the  other  hand, 
the  labour  and  fuel  for  this  method  of  extraction  are  more 
expensive.  Cupola  furnaces  are  employed  when  the  prices  of 
fuel  and  labour  are  very  high,  entailing  a  loss  of  part  of 
the  sulphur  to  keep  up  the  temperature  required  for  distillation. 
When  employing  mounds  or  open  heaps  the  greater  part  of 
the  sulphur  escapes  as  sulphurous  acid. 

I.  Extra(5tion  of  Sulphur  from  Iron  Pyrites  in  Closed 
Vessels. — The  apparatus  employed  is  similar  to  that  de- 
scribed on  page  710.  The  inclined  tubes  sometimes  have 
separate  receivers,  each  partially  filled  with  water. 

The  yield  of  sulphur  depends  chiefly  on  the  regulation  of 
the  firing.  The  temperature  must  not  be  kept  too  high  at 
the  commencement  of  the  operation,  or  the  pyrites  will  cake 
and  melt,  and  a  great  deal  of  vapour  of  sulphur  escape  from 
the  receivers,  and  the  tubes  will  be  burned  too  much.  Pyrites 
becomes  more  difficult  to  fuse  towards  the  end  of  the  opera- 
tion, and  then  requires  a  higher  temperature. 

At  Altsattel*  in  Bohemia,  the  furnaces  are  furnished  with 
32  conical  earthen  tubes,  placed  in  three  rows  (10, 11, 11).  Each 

•  B.  u.  h.  Ztgy  1861,  p.  237. 
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tube  is  32  inches  long,  i^  inches  thick  in  the  sides,  6  inches 
wide  on  the  back,  and  i^^  inches  wide  in  the  front,  which 
projects  6  inches  from  the  furnace  and  is  joined  with  a 
knee  tube  which  reaches  into  an  iron  vessel  i  foot  long,  i 
foot  broad,  and  i  foot  deep.  The  iron  vessel  is  filled  6  inches 
high  with  water,  and  the  end  of  the  knee  tube  reaches  within 
2  inches  of  the  surface  of  the  water.  The  tubes  are  charged 
at  the  backs  or  on  their  wide  sides,  and  after  charging  the 
opening  is  closed  with  an  iron  plate.  The  iron  vessel  for 
receiving  the  distilled  sulphur  is  covered  with  an  iron  lid 
which  is  furnished  with  an  opening  i  inch  wide.  As  soon 
as  no  vapour  of  sulphur  escapes  from  this  opening,  the 
operation  is  finished.  Each  tube  is  charged  with  about  lo 
lbs.  of  pyrites  4  times  in  24  hours,  excepting  the  upper- 
most row,  which  is  charged  only  three  times  in  24  hours,  and 
during  this  time  180  lbs.  of  raw  sulphur  (15  per  cent)  are 
produced  from  12  cwts.  of  pyrites  with  a  consumption  of  40 
cubic  feet  of  brown  coal. 

The  raw  sulphur  is  refined  by  distillation  in  cast-iron 
retorts  about  2  feet  high  and  i  foot  in  diameter ;  eight  of  these 
retorts  are  placed  in  a  furnace,  four  on  each  side,  and  are 
provided  with  a  cast-iron  receiver  the  size  of  the  tubes.  The 
distilled  sulphur  flows  from  the  receiver  through  an  opening 
which  it  has,  into  an  earthen  pot  filled  with  water,  if  the 
production  of  drop  sulphur  is  intended ;  otherwise  the  fused 
sulphur  is  poured  from  the  pot  into  moulds.  Five  cwts.  of 
raw  sulphur  yield  in  eight  retorts  460  lbs.  (92  per  cent)  of 
refined  sulphur,  from  which  we  may  conclude  that  i  cwt.  of 
iron  pyrites  yields  13*8  lbs.  of  purified  sulphur.  The  residues 
are  used  for  the  production  of  vitriol. 

At  Rosenau  in  Silesia,  furnaces  with  two  rows  of  earthen 
tubes  are  employed,  the  upper  having  six  tubes  and  the 
lower  nine ;  each  tube  is  5  feet  long  and  communicates  with 
cast-iron  vessels  by  means  of  short  elbow  tubes.  Cold  water 
flows  in  the  first  cast-iron  vessel,  and  passes  out  again  from 
the  last  vessel  in  a  warm  state.  A  tube  is  charged  with 
30  lbs.  of  iron  pyrites,  forming  a  layer  in  the  tubes  3  inches 
high,  and  it  yields  16  per  cent  of  raw  sulphur  after  being 
heated  for  three  hours.  Three  cwts.  of  raw  sulphur  are  produced 
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in  24  hours  from  i  ton  of  iron  pyrites,  in  15  retorts,  with  a 
consumption  of  17^^  cubic  feet  of  coal.  The  raw  sulphur  is 
distUied  in  an  iron  retort,  3  feet  high  and  2  feet  wide  in  the 
belly,  and  provided  with  earthen  receivers.  The  liquid  sulphur 
coUeAing  in  the  first  two  receivers  may  be  tapped  ofiF  through 
an  opening  in  the  bottom  of  the  receivers,  whilst  flowers  of 
sulphur  are  formed  in  the  adjoining  receivers.  Thirteen 
cwts.  of  raw  sulphur  in  six  distiiiin^  vessels  yield  about  13 
cwts.  of  purified  sulphur  in  from  30  to  36  hours,  and  from 
J  to  J  cwt.  of  flowers  of  sulphur  per  month.  The  residues 
are  used  for  producing  iron  vitriol  and  alum. 

2.  Extrad^ion  of  Sulphur  from  Pyrites  in  Cupola  Fur- 
naces. — Although  cheaper,  these  furnaces  are  less  often  used 
for  the  extraction  than  closed  vessels,  as  they  only  yield  half 
as  much  sulphur,  and  as  their  temperature  is  difficult  to  regu- 
late, causing  the  ores  to  cake  or  melt  easily.  These  furnaces 
are  sometimes  in  the  shape  of  a  truncated  pyramid,  and 
sometimes  of  a  truncated  cone ;  the  conical  form  is  prefer- 
able, as  it  allows  a  more  uniform  roasting. 

At  Johann-Georgenstadt  a  cupola  furnace  was  used  11  feet 
high,  8  feet  broad,  and  9  feet  long  in  its  base,  and  tapering 
to  its  top  to  a  surface  of  3  square  feet.  The  mouth  'of  the 
furnace  was  provided  with  a  lid  for  closing  it.  An  opening 
on  the  sole  of  the  furnace  served  to  introduce  a  layer  of  fuel 
and  to  remove  the  pyrites.  The  furnace  was  provided, 
6^  feet  above  its  bottom,  with  four  openings,  6  inches  square, 
to  condudt  the  vapour  of  sulphur  into  a  walled  chamber  5  feet 
square  and  7  feet  high.  From  this  chamber  the  sulphurous 
acid  was  conducted  by  means  of  a  flue  2  feet  broad  and  18 
inches  high,  into  a  space  100  feet  long,  part  enclosed  by 
wooden  boards,  and  part  by  walls.  This  space  contained 
pyrites  which  had  once  been  lixiviated,  and  was  intended  for 
another  lixiviation  for  its  iron  vitriol.  A  furnace  contained 
15  tons  of  pyrites  and  yielded  in  10  or  12  days  from  15  to  17 
cwts.  of  raw  sulphur. 

A  conical  furnace  was  employed  at  Breitenbrunn  (Erzge- 
birge).  It  was  12  feet  high,  3  feet  and  12  feet  in  diameter 
on  the  top  and  bottom  respe<5lively.  A  channel  received  the 
condensed  vapours  of  sulphur  8  feet  above  the  bottom,  and 
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condudled  them  into  a  chamber  lo  feet  high,  4  feet  long, 
and  2  feet  broad,  whilst  the  sulphurous  acid  was  made  use 
of  as  in  Johann  Georgenstadt.  15  tons  of  ores  were  roasted 
in  seven  or  eight  days. 

In  Simbirsk*  (Russia),  cupola  furnaces  are  used  for  pro- 
ducing sulphur. 

Brunfautt  roasts  pyrites  in  cupola  furnaces  with  steam  and 
atmospheric  air  alternately,  thus  producing  sulphuretted 
hydrogen  gas  and  sulphurous  acid,  and  sulphur  by  the  con- 
tact of  both  gases. 

The  extraiftion  of  sulphur  in  mounds  and  open  heaps  has 
been  described  in  former  chapters. 

III.  REFINING  OR  PURIFYING  THE  RAW  SULPHUR. 

The  refining  is  efFedled  either  by  re-melting  or  distilling 
the  raw  sulphur.  The  sublimed  sulphur  is  obtained  either 
in  a  liquid  or  a  pulverulent  state,  according  to  the  higher  or 
lower  temperature  in  the  condensation  chambers. 

I.  Purification  of  the  Sulphur  by  Re-melting. — ^At  the 
Lower  Hartz  the  very  impure  raw  sulphur,  produced  by 
roasting  lead  and  copper  ores  in  open  heaps,  is  melted  in 
quantities  of  3*52  cwts.  for  z\  or  3  hours  in  a  cast-iron  pan, 
4  feet  long,  2  feet  broad,  and  i  foot  deep.  The  sulphur  is 
then  cooled  to  from  200®  to  160°  C,  skimmed  ofiF,  and  ladled 
into  a  copper  pan,  i  foot  7  inches  deep,  and  ^  feet  7  inches 
in  diameter,  and  thinly  coated  with  loam  by  means  of  capper 
ladles.  It  is  allowed  to  clarify  in  the  copper  kettle  for  \  or 
I  hour,  and  is  then  poured  into  wooden  moulds  at  a  suitable 
temperature.  If  ladled  out  too  soon  the  sulphur  will  be 
impure,  and  if  submitted  to  too  low  a  temperature  much 
pure  sulphur  will  deposit  in  the  kettle.  The  proper  tem- 
perature is  indicated  when  a  thin  crust  forms  on  the  surface 
of  the  sulphur.  The  residues  are  melted  in  quantities  of 
4  or  5  cwts.  and  filtered  through  coarse  canvas.  The  filtered 
mass  is  added  to  the  raw  sulphur,  and  the  residue  on  the 


•  Bgwkfd.,  XX..  348. 

t  B.  u.  h.  Ztg.,  1861,  p.  446. 
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filter,  containing  6  per  cent  of  arsenic,  is  sold.  In  1861, 
from  24}  tons  of  raw  sulphur  were  produced  22^^  tons  of 
good  yellow  sulphur  (897  per  cent),  and  21  cwts.  of  gray 
sulphur,  with  a  consumption  of  240  pieces  of  wood  and  of 
66  cubic  feet  of  coal. 

2.  Purification  of  Sulphur  by  Distillation. — The  appa- 
ratus most  commonly  used  is  that  of  Marseilles.  It  is  repre- 
sented by  Figs.  203  and  204.     The  two  cast-iron  cylinders,  a. 

Fig.  203. 


Fig.  204. 
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i'5  metres  long  and  0*5  metre  wide,  are  charged  each  with 
600  lbs.  of  raw  sulphur.  The  charging  opening  is  then 
closed  with  the  luted  lid,  c,  and  fire  is  given  to  one  of  the 
cylinders,  whilst  the  second  cylinder  is  not  heated  until  the 
distillation  in  the  first  is  half  finished.  The  flame  from  the 
grate,  i,  enters  the  flues.  A,  heating  the  pan,  e,  1  metre  deep 
and  as  wide,  and  closed  with  an  iron  lid.  In  this  pan  15  or 
16  cwts.  of  raw  sulphur  are  melted,  about  6  cwts.  of  which 
are  made  to  run  into  the  first  cylinder  by  means  of  the  tube,  /, 
after  it  has  distilled  off  its  charge.  As  soon  as  the  pan,  e,  is 
emptied  to  a  certain  degree,  the  cock,  g,  is  closed,  the  tube,  /, 
removed,  and  the  opening  in  the  lid,  c,  closed  with  a  clay 
plug.  The  combustion  gases,  after  having  played  round  the 
kettle,  e,  enter  the  chimney,  i.  The  vapours  of  sulphur  are  con- 
ducted by  the  tube,  6,  into  a  walled  condensation  chamber,  k, 
8  metres  long,  4  metres  deep,  and  5  metres  high,  and  care- 
fully coated  with  mortar;  in  this  they  condense,  at  first  forming 
a  powder ;  but  as  soon  as  the  temperature  of  the  condensation 
chamber  is  raised  above  112®  C.  by  the  continued  distillation, 
fluid  sulphur  coUedts  on  the  sole  of  the  chamber  and  runs 
into  the  warmed  pan,  0,  on  opening  the  hole  in  the  iron  plate,  m, 
by  means  of  the  cock,  «.  The  sulphur  is  then  ladled  into 
wooden  conical  moulds  standing  in  the  tub,  p.  The  moulds 
are  closed  on  one  side  with  a  wooden  plug,  which  is  removed 
after  the  sulphur  has  solidified,  and  the  stick  of  sulphur  is 
pushed  out.  The  sliding  door,  q,  serves  to  regulate  the 
admission  of  sulphur  vapours,  and  the  safety-valve,  v,  allows 
the  escape  of  the  air  expanding  in  the  chamber.  One  cylin- 
der is  charged  every  4  hours.  36  cwts.  of  sulphur  are  dis- 
tilled in  six  operations,  during  24  hours.  The  produdlion  of 
I  cwt.  of  stick  sulphur  costs  about  8s.  When  aiming  at  the 
produdtion  of  flowers  of  sulphur,  instead  of  fused  sulphur, 
the  only  alteration  necessary  is  an  enlargement  of  the  con- 
densation chamber,  or  the  curtailment  of  the  number  of  dis- 
tillations to  two  in  24  hours,  each  with  3  cwts.  of  raw  sulphur ; 
both  modifications  will  decrease  the  temperature  in  the 
chamber.  When  a  layer  of  flowers  of  sulphur  0*5  or  o*6 
metre  high  becomes  deposited  in  the  chamber  it  is  to  be 
removed  by  the  door,  s ;  the  flowers  of  sulphur  may  contain 
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a  certain  amount  of  sulphurous  and  sulphuric  acid,  which 
may  be  removed  by  washing  them.  The  produdtion  of 
I  cwt.  of  flowers  of  sulphur  costs  about  9s.  6d. 

Dujardin's  method*  at  Merxem,  near  Antwerp,  is  said  to 
give  still  better  results  by  economising  fuel  and  more  effec- 
tually preventing  the  admission  of  air  to  the  distilling  ves- 
sels and  to  the  condensation  chamber. 

The  apparatus  is  represented  by  Figs.  205,  206,  and  207. 
Fig.  205. 


Fig.  206. 


r-^ni- 


B.  u.  h.  Ztg.,  1864,  p.  204. 
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The  lens-shaped,  cast-iron  body,  a,  is  heated  by  the  flame 
produced  on  the  grate,  6.  This  flame  also  heats  the  pan,  c, 
which  communicates  with  a  by  the  elbow-tube,  d.  This 
tube  may  be  closed  by  the  stopper,  ^  ;  12  cwts.  of  raw  sulphur 
are  melted  inc,  and  the  liquid  mass,  including  the  impurities, 
is  made  to  pass  into  a ;  the  pan  is  then  closed  by  means  of 
the  stopper,  e.  The  vapours  of  sulphur  produced  in  a  are 
condudted  into  a  condensation  chamber  by  the  tube,  g,  which 
may  be  closed  by  the  valve,/,  The  distillation  is  finished  in 
about  four  hours ;  the  valve,  /,  is  then  closed,  the  residues 
removed  by  A,  and  conveyed  into  the  basin,  k,  by  means  of 
the  tube,  i,  and  a  new  distillation  begins.  Six  charges  are 
distilled  every  24  hours,  consuming  10  cwts.  of  semi-bitu- 
minous coal.  The  distilled  sulphur  is  cast  into  moulds 
every  five  or  six  days.  When  aiming  at  the  produ<5lion  of 
flowers  of  sulphur,  only  8  cwts.  of  sulphur  are  distilled  in 
24  hours.  The  residues  are  nearly  free  from  sulphur,  and 
the  loss  of  sulphur  is  small :  this  loss  amounts  to  073  per 
cent  when  working  raw  sulphur  containing  1*5  per  cent  of 
impurities.  At  Namur  an  iron  cylinder  is  used  instead  of 
condensation  chambers.  1500  tons  of  sulphur  are  refined  at 
Merxem  annually  in  eight  furnaces. 

In  some  German  establishments  a  simpler  apparatusis  used, 
consisting  of  two  iron  pans,  i  metre  in  diameter  and  i  metre 
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high ;  they  stand  about  2  metres  distant  from  each  other 
and  are  connected  by  an  elbow  tube,  screwed  so  as  to 
be  fixed  hermetically  to  both  pans.  One  of  the  pans 
stands  above  a  grate,  and  is  charged  by  a  hopper  which 
passes  through  the  elbow  tube.  The  residues  are  removed 
by  another  tube,  which  is  hermetically  joined  to  the  bottom 
of  the  pan.  The  produced  vapours  of  sulphur  are  conducted 
by  means  of  the  elbow  tube  into  the  second  pan,  where  they 
condense,  and  the  liquid  sulphur  is  withdrawn*  by  a  cock. 
This  pan  is  surrounded  by  brickwork  to  maintain  the  sul- 
phur liquid ;  that  part  of  the  elbow  tube  lying  nearest  to 
this  pan  is  likewise  jacketed  so  as  to  prevent  condensation 
of  the  sulphur  in  the  tube,  when  it  would  otherwise  flow 
back  into  the  first  pan. 
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The  following  comparisons  of  the  dimensions  of  different 
reverberatory  furnaces,  and  the  conclusions  to  be  drawn  from 
them,  may  be  fitly  given  here : — 
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The  following  conclusions  may  be  drawn  from  this  table  : — 
a.  If  the  surface  of  the  grate  is  the  same,  the  surface  of 
the  hearth  is  modified  according  to  the  heat  which  is  to  be 
produced,  and  consequently  the  hearths  of  roasting  furnaces 
are  two  or  three  times  larger  than  those  of  smelting  furnaces ; 
and  the  latter  are  again  one-and-a-half  times  larger  than 
those  of  puddling  furnaces.  In  the  same  process  the  pro- 
portion of  the  hearth  to  the  grate  may  vary  from  lo  to  4"i,  but 
such  large  differences  have  a  considerable  influence  upon  the 
process,  as  is  shown  by  the  following  table  : — 


Proportion  of 

the  hearth  to 

the  grate. 


Proportion  of  the 

hearth  in  square 

cent,  to  the 

charge  in  kil. 

daring  24  hours. 


Proportion  of 
the  fuel  to  the 
charge. 


Carinthian  lead  furnace 
(t6  wood  as  8  to  10  coal) 
Lead  furnace  of  Engis 
English  lead  furnace 


6-6 

4-1 
10 


64  Ca  to  I  kil. 


33 

20 


8—10 

6 

5'2 


It  follows  from  this  that  in  England  more  substance  is 
treated  on  i  m^  hearth  in  one  hour  with  a  smaller  consump- 
tion of  fuel,  but  with  more  labour,  as  it  is  oftener  necessary 
to  rearrange  the  melting  mass  on  the  larger  hearth,  which  is 
less  uniformly  heated  on  account  of  its  size. 

6.  The  length  of  the  grate  is  usually  equal  to  the  breadth 
of  the  hearth,  which  is  from  i  to  2*5  times  as  long  as  it 
is  broad.  The  height  of  the  arch  above  the  hearth  is 
o"6  to  I  metre,  and  above  the  fire-bridge  0*3  metre.  Upon 
one  square  decimetre  of  the  surface  of  the  grate  0*5  to  i 
kilos,  of  coal  and  i  to  i'5  kilos,  of  wood,  or  respectively 
o'5 — I  and  2'8 — 4*2  cubic  decimetres  are  burned  in  one  hour. 
In  the  lead  furnace  at  Engis,  for  instance,  1000  kilos,  of  ore 
consume  650  kilos,  of  coal,  and  0*45  kilo,  of  coal  correspond 
with  o'66  square  decimetre  of  the  surface  of  the  grate. — 
(Havrez  in  Revue  Universelle,  6  an.  3  livr.,  1862,  p.  405.) 
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AGORDO,  Venetian  Alps  (Sulphur), 
706 
Algeria  (Lead),  154 
Alps  (Platinum),  681 
America,  North  (Lead),  73,  74 

California   (Silver),  358,  360; 

(Mercury),  507, 508,  517,  521, 525, 
530;  (Gold),  611,  622,  623,  626 

Mexico  (Silver),  331,  335,  34a, 

362;  (Gold),  626 

Pennsylvania  (Zinc),  458 

United  States  (Gold),  658 

Australia  (Silver),  392;  (Gold),  615, 

623,  626 
Austria,  Bohemia  (Gold),  624;  (Sul- 
phur), 706 

Altsattel  (Sulphur),  706,  714 

Brandhotz  (Antimony),  542 

—  —  Breitenbrunn   (Sulphur),  706, 

716 

Horzowitz,  (Mercury),  527 

Joachimsthal   (Lead),   79,   81, 

112,  118  ;  (Silver),  219,  225,  392  ; 

(Bismuth),  538 ;  (Nickel),  566, 569, 

572,  578 
Przibram  (Lead),  79,  85,  no, 

115,  120,  125,  179,  185;  (Silver), 

288,311;  (Zinc),  ^17 

Schlaggenwald  (Tin),  485,  479 

Zinnwald  (Tin),  476,  485,  490, 

491. 

—  Carinthia  (Gold),  624 

Bleiberg  and  Raible  (Lead),  27, 

74 

—  Croatia  (Sulphur),  706,  71 


Austria,    Hungary   (Mercury),    509 ; 
(Nickel),  569 ;  (Gold),  624 

—  Lower    Hungary    (Lead),     142 ; 
(Silver),  220,  228,  230,  237 

—  —    —    Kremnitz    (Lead),     198 ; 

(Silver),  293 ;  (Go/<i),  671 
Magurka   (Antimony),  544, 

549 
Schcmnitz  (Lead)  79,  181, 

191 ;  (Gold),  631,  632,  643 

Schmollnitz  (Silver),  334 

StadtgTund  (Lead),  191 

Tajova  (Lead),  144  ;  (Silver), 

333.  376 

—  Upper  Hungary  (Silver),  220 
Arany  Idka  (Silver),  315, 

327.  329 

Fernezely  (Lead),  181 

Nagybanya  (Silver),    246, 

(i4fi*imofiy),  541,  547 
Stephanshiitte  (Silver),  332, 

375 

—  Idria  (Mercury),  507,511,  518,  521, 

—  Salzburg  (Silver),  229, 238 ;  (Gold), 

624,  631  ;  (Sulphur),  706 

—  Steyermark,  Styria  (Sulphur),  706 

—  Transylvania  (Silver),  246,  334; 

(Mercury),  527 ;  (Go/</)  624, 627, 
628,  648 

—  Tyrol   (Silver),  246 ;    (Gold),  627, 

631*  635 

BANCA  (Tin),  488 
Belgium,  Andenne  (Zinc),  425 

—  Angleur  (Zi«f),  420,  430 
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Belgium,   Corphalie    {Lead),  59,  91 ;  Germany,  Prussia,  Hartz,  Wolfsberg 
(Zinc),  412,  435  [Antimony),  541,  543 

—  Jemappe  (Zinc),  459  —    —   Lower     Hartz,    Goslar-Oker 

—  Liege  (Nickel),  568  (Lead)  116, 119, 121, 176;  (Silver), 

—  Merxem  (Sulphur),  720  399»  400 ;  (Nickel),  563  ;  (Gold), 

—  Valentin  Cocq  and  Flone  (Zinc),  636,  666 ;  (Sulphur),  706,  717 

448, 454  Germany,     Prussia,     Lower    Hartz, 

—  Welkenrath  (i^inc),  411  Victor-Friedrichshutte(LriM0,86, 
Billitan  (Tin)  488  96.  ^08 ;  (Silver),  307 

Bolivia  (Silver),  342 ;  (Gold)  624  Upper  Hartz  (Lead)  53, 79,  81, 

Borneo,  (Gold),  623  85.  86,  96,  97,  98,  176,  177,  183, 

Brazil  (Silver)  362;  (Gold),  623,  625,  191 ;  (Silver),  218,  219.  258,  259, 

627  ;  (Platinum),  679  260, 263, 267, 277, 287, 306 ;  (Zinc), 

458;  (Nickel),  564, 567;  (Arsenic), 
590,  598,  602,  607 

CHINA    (Gold),    624;    (Mercury), Hesse,  Glad«ibach   (Nickel), 
507-                                                            560, 569 

Choco  (Platinum),  679  Mansfeld  (Silver),  187, 313, 365, 

Corsica  (Lead),  154  j^g .  (NUkel),  562,  566,  582 

Nassau,    Dillenburg    (Nickel), 

EAST  INDIES  (Antimauy),  54»  558,  570.  57/.  580 

^  •/   j-r  £^jg  (Lead),  113,  114,  116, 

159,  176,  186 ;  (Silver),  289,  306, 

FDAXToc  /r     ^  -*  Holzappcl  (Lead),  32,  144. 
^^A^fJu^'^S'ijL   iA  *•         .               '75,  185;  (Silver),  262, 264.  294 

—  Ardiche,  Malbosc  (Anttnumy), Provinces  of  the  Rhine  (Gold), 

543»  546  „  „  ^      ,^.  ,      ^       a  ^23;  (Platinum),  681 

—  Bretagne,  Velleder  {Tin)  476,  498  _    _^  J.    _    _:   _    Altenberg, 

—  Dieuze,  near  Nancy  (Sij/>Ai»r),  699  Moresnet,  near  Aix-la-ChapeUe 

—  Haut  Loire,  Lmcouln  (Antimony),  (Zinc),  410, 41 1, 420, 429. 430, 434- 

545  ^  ,„..      ,  Commem  (Lead), 

—  Huelgoct  (Lead),  55 ;  (Stiver),  309,  „^^  ug^  ^o 

331  ^  Neighbourhood  of 

—  Isire.  Allemont  (Stiver),  220  Stolberg     near    Ajx-la-Chapelle 

—  Marseilles  (Sulphur),  718  (Lead),  60,  91.  116,  120, 156,  158, 

—  P"ey  (L.a^,  182  iga,  195  ;  (S.7fF/r),  268,  274,  301 ; 

—  Pontgibaud  (Lead),  150,  178, 182 ;  (Zinc),  414,  445,  446. 452,  466 

(Silver).  289,  314  Siegen.Lohe  (Lead),i^s ;  (Silver) 

—  PouUaouen  (Lead),  55,  170,  175;  ^ji,  293 

(Si/vrr),  218,  309.  327  ;  (^*»)»  489 Milsen  (Lead),  114,  116,  119, 

—  Rhone  (Lead),  64,  lao  i^^^  183 .  (SilverL  221 

Bouc  (Anttmony),  550,  543  Rothenbach  (Lead)  114,  116, 

Escalette  (Lead),  68, 154  1^5 

Rouet  (Lead),  ig^     '      ,  ^     . Silesia  (Lead),  79 ;  (ZtiM:),436, 

Septemes  (Lead),  155 ;   (AnH-  ^2,  458,  462  ;  (Cadmium),  469  ; 

fnony),  550,  553    ^   ^                                 (Gold),  624 
St.  Louis  (Lead),  67,  154  Reichenstein  (Arsenic),  586, 

—  Southern  (Lead),  154  ^  588,  590,  596,  602,  607;  (Gold), 

—  Vendue.  Ram6e  (Antimony),  542  ^38   ^^'  ^^'        '       '  •  ^         ' 

—  Vialas    (Lead),    118,    119.    i53  ; Rosenau  (SM/^AKr),  766,  715 

(Silver),  291,  315,  Tamowitz  (Lead),  76, 93,  96, 

—  Vienne  (Lead),  67  109,   1^6,    180,    181,    186,    187  ; 

(Silver),  260,  263,  269,  290,  295, 

GERMANY,  Baden  (Gold),  624                   308,  317 
Marienhiitte  (L^a</),  113 Westphalia,  Borbeck(ZtiM:), 413, 

Munsterthal  (Lead),  113  415,  449,  454,  466 

Bavaria  (Gold),  624  Oberhausen  (Zinc),  413 

Palatinate  (Mercury),    525, Ramsbeck  (Lead),  159 

527,  528  —    Schwarzburg-Rudolstadt    (Gold), 

—  Prussia,  Frankfort  (Gold),  671  624 

Hartz,  Wilhelmshiitte   (Plaii'  —  Saxony  (ArsetUc),  605 ;  (Sulphur), 

Hum),  681  706 
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Germany,  Saxony,  Altenberg  (Tin), 

475.  476.  478»  4«2,  483.490,  49i ; 

{Arsenic),  589,  590,  591.  596 
Freiberg  (Letid)^  79,  115,  119, 

127,  176,  178,  iSi,  185,  187,  197 ; 

(Stiver)^  219,  220,  221,  225,  226, 

227,  239,  246,   271,   292,  312,  321, 

327.  371.  397;  (Nickel),  561,  563. 

567;  [Arsenic),  600 ;  [Gold),  653 

Schneeberg  (Bismuth),  537 

—  Schleiz  (Antimony),  541 

Guinea  (Gold),  625 

Great  Britain,  England  (Silver),  270, 

271,  309 ;  (Sulphur),  692 

Birmingham  picket),  562 

Bristol  (Lead),  37.  39,   44, 

192 ;  (Silver),  265 
Cornwall  (I/M<f),  37,  39,  50, 

193  ;  (Silver),  265 ;  (Tin),  475»476, 

477.   479,    483*    484,   495»    499  ; 

(Arsemc),  590 
Cumberland,  Alston  Moor, 

and  Nenthead  (Lead),  42,  69,  71 ; 

(Silver),  265 

Derbyshire  (Lead),  35,  50 

Durham  (Lead),  69 

Flintshire  )Lead),  35,37.  39 

44,  50.  51.  174.  193 

Northumberland  (Lead),  69 

Newcastle  (Lead),  37,   39 ; 

(Silver),  265,  300 

Isle  of  Anglesea  (Sulphur), 6gi 

Isle  of  Man  (Lead),  37 

Scotland  (Sulphur),  705 

Wales  (Lead),  35,  37  ;  (Silver), 

359;(Go/d),  359 
Swansea  (Ztnc),/^y^ ;  (Gold), 

675 
Llanelly  (Si7t»*r),  316 ;  (Zinc), 

434 
Llansamlet  (Zinc),  415,  428, 

439,447,460 
Morriston  (Zmc),  412,  416, 

430,449 

Neath  (Zmc),  455 

Wigan  (Zinc),  434 

Wrexham  (Zinc),  434 


TT AYTI  (Platinum),  680 


MALACCA  (Tin),  488 
Milos  (Asia  Minor)  (Sulphur), 
708 


NAPLES  (Sulphur),  691 
Norway,    Kongsberg   (Silver), 
217,  226.  228,  234,  290,  3  JO 

—  Modum  (Nickel),  578 

PERU  (Tin)  489;  (Mercury),  514 
Piedmont,  Varallo  (Nickel),  560 
Portugal  (Gold),  625 
Pouzzales  near  Naples  (Sulphur),  689, 
712 

RUSSIA,      Altai     (Lead),      163  ; 
(Silver),  224,  234,  293 

—  St.   Petersburg    (Gold),  653,  657, 

66r  (Platinum),  682,  684 

—  Siberia  (Lead)  96;  (Gold),  625 

Barnaul  (Lead),  181 

Kuschna  (Gold),  624 

—  Simbirsk  (Sulphur),  717 

—  Ural  (Gold),  622,  623 

SARDINIA   (Lead),  37,    64,    187; 
(Gold),  623,  624 
Savoy,  Pezey  (Lead),  59 
Sicily  (Sulphur),  689,  706 

—  Cattolica  (Sulphur),  689 

—  Girgenti  (Sulphur),  689 

—  Licata  (Sulphur),  ^89 

—  Caltanisetta  (Sulphur),  689 

—  Caltascibetta  (S«/^/i«r),  689 

—  Centorbi  (Sulphur),  689 

—  Sommatino  (Sulphur),  689 
Spain  (Lead),  33,  46,  52,  64,  76,  119, 

154.  155.  165.  188 ;  (Zinc),  410 ; 
(Ttn)  448;  (i4»«»k>»y),54i ;  (Sk/- 
phur),  706,  708 

--  Almaden  (Mercury),  507,  514 

—  Catalonia,   Ribas   (Arsenic),  586, 

589,  601,  606 
Sweden  Fahlun  (Lead),  125 

—  Klefva  (Nickel),  560,  579 

—  Sala  (Lead),  96,  113 

THIBET  (Gold),  625 
Tuscany,   Bottino   (Lead),  64, 

155,  181 

—  Castellazara  (Mercury),  507,  520 

—  Ripa  (Mercury),  507,  520 

VENETIA,  Valleta  (Mercury),  50S, 
521 
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Abdarr  process.  046 
Abstrich,  276 
Abxug,  379 

AgenU  for  precipiUting  gold,  672 
Albbrti's  furnace,  521 
Aludel  Furnaces,  5x4 
Amaleam,  202 

—  sodium,  349 

—  distillation  of,  327 

—  treatmeat  of,  327 
Amalgamation  in   casks    (European 

process),  319 

—  in  heaps  (American  process),  335 

—  of  gold,  617 

—  of  silver  ores,  319 

—  process,  210,  317 
American  hearth  process,  72 
Annabergite,  555 
Antimony,  540 

—  crude,  produdion  of,  541 

liquation  of   in  reverberatory 

furnaces,  542 
in  crucibles,  543 

—  crude,    li<}uation    of    in    vessels 

standing  m  closed  furnaces,  544 

—  native,  205 

—  ore,  grey,  540 

—  oxide  of,  S40 

—  raw,  purification  of,  552 

—  red.  540 

—  regulus  of,  produdion  of,  546 
from  crude  antimony, 

547 
direA  from  ores,  549 

Argentiferous  matt,  amalgamation  of, 

331 
desilverising  of  by  lead  ores  and 

produds,  237 
by    lead    produds    and 

copper,  245 


Argentiferous  matt,  desilverising  of 
by  metallic  lead,  233 

lead  process  with,  233 

smelting  of  with  black  copper,  246 

Arsenic,  584 

—  glass,  produ^on  of,  593 

coloured,  produdion  of,  602 

white,  595 

—  metallic,  produdion  of,  585,  588 

—  native,  205,  209,  584 
Arsenical  antimony,  584 
Arsenical  pyrites,  585 
Arsenious  acid,  analyses  of,  595 
produdion  of,  590 

—  —    in    gas    reverberatory 

furnaces,  600 

in  muffle  furnaces,  596 

in  reverberatory  furnaces 

with  dired  firing,  599 

pulverulent,  590 

AuousTiN*8  process,  364 

—  —   for   the    treatment  of  black 

copper,  376 

copper  matt,  368 

speiss,  375 

BACKWOOD»S  hearth,  73 
Berthierite,  540 
Bismuth,  532 

—  eztradion  of  by  the  liquation  pro- 


cess. 533,  536 


smelting  in    crucibles, 
535.  538 

—  glance,  532 

—  native,  532 

—  purification  of,  533 
Boumonite,  204 
Brightening,  284 
Bromite,  Bromagyriie,  203 
Browse,  71 


Digitized  by  VjOOQ IC 


INDEX. 


Vll 


Brunton's  patent  calciner,  479  Furnaces,  bottoms  of,  treatment  of, 

186 

CADMIA  fomacum,  468  ^  * ,  ^^,  * 

Cadmium.  468  OALENA,  i.  204 

—  produaion  of,  468  >J[    t;  argentiferous,  207 
Calamine,  205,  402  Giftmehl,  590 
Carinthian  reverberatory  process,  24,  "~  refinmg  of,  593 

2-  Gold,  609 

Cassiterite,  471  ""  afgentiferous,  produaion  of,  622 

Castilian  furnace,  46,  4S  —  chief  modes  of  exU-ading,  621 

Chloantite,  554  ^  extraAion  of,  and  silver  at  the 
Cinnabar  504  same  time  from  aunferous  and 

Clay  425*  argentiferous      substances      by 

Cobalt  ores,  argentiferous,  209  chlorination,  645 

Copper,  argentiferous,  extrading  its  —  extraAion  of  by  cementation,  650 

silver  by  means  of  lead,  216  gpy  antimony  ore,  649 

—  black,  amalgamation  of,  333  ,?^a8  s  method,  646 

argentiferous,  treating   with litharge  and  sulphur,  649 

lead  %±^  hxiviation  with  sulphunc 

-  glance,  204  acid,  647 

—  matt,  roasted  concentrated,  treat- ra^v^^  of  aqua  regia,  672 

ment  of  with  dilute  sulphuric " »>*"«  acid  (quartation). 

acid,  212  ^51  .u  J  * 

nickel  S5S  Patera's  method,  647 

Qfgg  J 28  Plattner's  process,  638 

Mgentiferous,  204  Roszner's  method,  647 

^^treatment  of,  221  smelting  gold  sand,  625 

oxidised,  204  washing  gold  sand,  623 

variegated,  204  77  ""^"^  *"^  amalgamating 

—  purified  raw,  treatment  of  with  8°'^  8a"^»  ^*4 

dilute  sulphuric  acid,  212  ; sulphuretted 

—  pyrites,  204,  208  O'^^t  ^3/ 

Crookes's    amalgamation    process, T,  —  ^o™  ,  auriferous    copper, 

211  347  silver,  and  lead  ores  by  fusion 

Cupellation,  the  English  system,  295,  w**^  l«a^»  ^35 

^i^  auriferous  quartz,  626 

—  the  German  system,  275,  287  ~Z  T^ ^^  Calvert's 

Cupelling  furnaces,  276  method,  645 

—  the  raw  lead,  274  copper,  674 

—  with  after-charge,  292  «artf>y  mjnerals.  625 

concentration  of  the  raw  lead, 7-  gold  sand,  622 

2g-  (parting)  from  silver,  041 

—  without  after-charge.  289  >"  ^^^  ^^  ^ay*  $49 

Cupola  furnace,  Cassiony's,  520  7 / V*^®  ^*i  ^^^'  ^' 

—  -  construaion  of,  90  ^«>"  sulphuretted  ores 

process,  7S,  03  ^'^^  smelting  pro- 

^  '  /  j»  »•»  duas  by  solution  and  precipita- 

DROSS,  reduaion  of,  182,  183                    tion,636 
in  cast-iron  vessels,  669 

platinum  vessels,  664 

EISEN-NICKELKIES,  555  T  T  porcelain  vessels,  666 

Emerald  nickel,  555  ""  P"?'"*  *?  ****  1?*^'  <59 

Embolite,  203  —  mines,  Australian,  615 

English  reverberatory  process,  35, 37, Californian,  611 

— ' modifications  of,  50  native,  009 

^  —  teJluTide  of,  6ro 

F^^R^PxTreTx'^r**  fj  AHNER-S  furnace.  518 

roasting  the,  138 

French  precipitation  or  Vienne  pro-  T    EAD,  i 

cess,  65,  67  -■-/    —  argentiferous,  produaion  of, 

—  reverberatory  process,  54,  55  212 
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Lead,  argentiferous,  treatment  of,  221 

—  calcination  of  in  Kremnitz,  198 

by  Baker* s  method,  199 

PoNTiFEX   and  Glass- 

PORD*s  method,  199, 

—  extradion  of  in  hearth  furnaces,  68 

—  fume,  23,  71,  106,  121,  147,  153 

—  hearth  ends,  24 

—  furnaces,  comparison  of,  79 

—  hard,  183 

analyses  of,  183 

—  matt,  96,  104,  121,  123,  125,  135, 

147,  152,  164 
treatment  of,  105, 145,  148 

—  ores,  I,  127 

argentiferous,  204 

decomposition  of  by  means  of 

iron  (precipitation  process),  82 
influence  of  foreign*  substances 

contained  in,  6 

oxidised,  9 

and  produds,  treatment  of, 

12,  161 

preparation  of,  7 

roasting  of,  114 

roasted,  smelting  of,  1 17 

illustrations  of,  121 

sulphuretted,  smelting  of,  10 

—  — —   (the  reverberatory 

process),  13 

produds  of,  22 

treating  of  by  the  roasting  pro- 
cess in  reverberatory  furnaces,  14 

white,  4,  204 

redudion  of  in  cupola  fur- 
naces, 162 

reverberatoty  fur- 
naces, 161 

yellow,  5 

—  oxidising  smelting  of  in  air  rever- 

beratory furnaces,  192 

— blast  reverberatory 

furnaces,  196 

—  purification  of,  188 

—  raw,  22,  71,  96,  103, 123,  125,  135, 

147,  152,  164 

—  extradion  of  silver  from,  213, 251, 

—  residues,  22 

—  skimming  the,  190 

—  slags,  44,  71,  121,  124,  137,  142, 

147.  153.  164 

produ&s  of,  44 

redudion  of,  186 

illustrations  of,  187 

smelting  of,  42 

—  smelted,  stirring  of  with  a  birch 

pole,  191 

—  speiss,  97,  107,  121,  124,  137 

—  sulphate  of,  5 
redudion  of,  168 

—  synopsis  of  processes  for  the  ex- 

tradion  of,  6 


Litharge,  282^  283,  284 
Liauation  process,  191,  250 
Litharge,  redu^on  of,  171 

in  cupola  furnaces,  176 

— illustrations  of,  177 

in  hearth  furnaces,  180 

in  reverberatory  furnaces, 

172 
illustrations  of,  172 

MEGABROMITE,  203 
Mercurial  fallow  ores,  504 

—  residues,  524 

—  soot  or  fume,  524 
Mercury,  504 

—  extradion  of  by  roasting  ores 
containing  sulphide  of  mercury, 

507 
— —  the  decomposition   of 

cinnabar    by    fluxes    in    closed 

vessels,  524 
the  old  process  in  Idria, 

5" 
older  method  in  the 

Palatinate,  525 
new  method   in  the 

Palatinate,  528 
process  in  Almaden, 

5H 

at  New  Almaden, 

in  California,  517 

—  —   —  in   cupola  furnaces  with 

continuous  operations,  518 

by  the  new  pro- 
cess in  Idria,  518 

with  interrupted 

operations,  511 

in  mounds,  509 

—in  reverberatory  furnaces, 

with  continuous  operations,  52 1 

method  in   New  Almaden 

and  New  Idria  in  California,  530 

—  native,  504 

—  produSion  of  throughout  the 
world,  531 

—  synopsis  of  processes  for  the  ex- 

tra^ion  of,  505 
Miargyrite,  202 
Microbromite,  203 
Millerite,  555 
Mispickel,  205 

NICKEL,  554 
—  copper  alloys,  produ&ion  of, 
567 

—  deposits,  produdion  of,  566 

—  extradion  of  from  speiss  and  ar- 

senical ores,  576 

—  glance,  antimonial,  554 

—  kies,  554 

—  metallic,  produdion  of,  567 

—  ochre,  554 


Digitized  by  VjOOQIC 


i^ickei  ores,  argentiierous,  209  Keveroeratory  turnaces,  compansons 
concentration  smelting  of  for  of  the  dimensions  of,  723 

the  produdion  of  matt,  556  Reverberatory  process,  13 

speiss,  562  Roasting      redudion,     precipitation 

of  Great  Britain,  555  process,  113 

principal,  554 

produdion  of  in  the  dry  way,  OCOTCH  hearth  process,  69 

569  vD     Senarmontite,  540 

wet  way,  570  Silver,  201 

by    smelting    intermediate  —  antimonial,  202 

produds  (matt,  slag),  564  mixed,  202 

from  matt,  579  —  bismuth,  202 

refined  copper  and  im-  —  brightened,  refining  of,  302 

pure  nickel,  582  in  crucibles,  314 

—  purification  of,  583  by  the  aid  of  blast,  305 

—  speiss  glance,  554  in  cupelling  furnaces, 304 

produced  by  the  copper  and in  the  muffle,  305 

lead  smelting  processes,  concen- —  —   —  —   illustrations 

tration  of,  563  of,  306 

—  —    in    reverberatory    fur- 

ORPIMENT,  604  naces,  307 

—  produdion  of,  607  —  —  —   —   —    with    fixed 

Osm-iridium,  separation  of  from  gold,  hearth,  310 

661  —   —  —  —  —  movable 

use  of,  685  hearth,  308 

—  chloride  of,  203 

PATERA'S  process,  211  —  copper  glance,  203 

Pattinson's  process,  192,  253  —  Diirr  ores,  207 

apparatus  for,  260  poor,  smelting  of,  222 

Platinum,  678  —  extradtion  of  by  means  of  hypo- 

—  alloys  of,  685  sulphites,  391 

—  extradion  of  in  the  dry  way,  685 from  rich  lead  by  means  of 

wet  way,  682  zinc,  315 

—  native,  678  from  sulphate  of  silver,  662 

—  ores,  smelting  of,  686  in  the  wet  way,  317 

with  galena,  688  with  sulphuric  acid,  395 

—  pure,   produdion  of  by  combined  —  glance,  202 

wet  and  dry  processes,  688  —  iodide  of,  203 

—  raw,  analyses  of,  682  —  lixiviation    and    precipitation    in 

—  sand,  dressing  of,  681  the  metallic  state,  211 
Plattner*s  process,  638  —  ores  and  'argentiferous  produds, 
Plumbiferous  deposits,  107                                treatment  of  in   the    wet   way, 
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Medical  and  Pharmaceutical  Students,  &c.  By  F.  J.  Farre,  M.D.  &c.  ; 
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Herefordshire.     Revised  Edition,  with  more  numerous  Illustrations 
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Illustrations,  \In  the  press. 
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Second  Edition  [1854]  ;  with  360  Woodcuts.    8vo.  21/. 
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{Cctlenterata,)    By  J.  R.  Greene,  B.A.     Edited  by  J.  A.  Galbraith, 
M.A.  and  S.  Haughton,  M.D.    Fcap.  8vo,  with  39  Woodcuts,  Sx. 

I^ANUAL  OF  SPONGES  AND  ANIMALCULiE 

{JProtoMoa) ;  with  a  General  Introduction  on  the  Principles  of  Zoology. 
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The  History  of   EngfLand  from 

the  Fall  of  Wolsey  to  the  Death  of  Eliza- 
bet  h.  By  James  Aktiiony  Fro  c dk,  M. A. 
late  Feilovr  of  Exeter  College,  Oxford. 
Vols.  I.  to  X.  in  8vo.  price  £7  2«.  cloth. 

Vols.  1.  to  IV.  the  Reign  of  Henry 
VIIL    Third  EdiUon,  64». 

VOLS.V.  and  VL  the  Reigns  of  Edward 
VI.  and  Mary.    Third  Edition,  28*. 

Vols.  VII.  &  VIII.  the  Reign  of  Eliza- 
beth, VoLa.  I.  &  IT.    Fourth  EdiUon,  28*. 

Vols.  IX.  and  X.  the  Reign  of  Kliza- 
bcth.    Vols.  III.  and  IV.  82«. 

The   History  of  England  from 

the   Accession   of  James   IL      By   Lord   i 
Macavlay.  I 

Library  Edition,  5  vols.  8vo.  £1.  ! 

CABniRT  Edition,  8  voIjj.  post  8va  48jr.     j 
People's  Edition,  4  vols  crown  8vo.  16«.   ; 

Revolutions  in  English  History,  i 
Br  Robert  Vaug HAN,  D.D.  8vol8.8vo.80f.   . 


An  Essay  on  the  History  of  the 
Engliah  GovenmeiA  andCoasatution,  fimn 
tbe  BdgB  of  lieory  VII.  to  the  Present 
TiBM.  By  JoR If  Earl  Rusbxll.  Fourth 
Edition,  revised.      Crown  8vo.  €#. 

On  Parliamentary  Government 

in  England :  iU  Origin,  Davelopment,  and 
Pnctical  Operation.  By  Alfueus  Todd, 
Librarian  of  the  Legislative  Assembly  of 
Canada.   In  two  volames.   Vol.  I.  8vo.  16<. 

The  History  of  England  during 

the  Beign  of  George  the  Third.  By 
the  Right  Hon.  W.  K.  Mabsky.  Cabinet 
Edition,  4  volsL  post  8vo.  24j. 

The   CSonstitntional   History   <^ 

England,  since  the  Accession  of  George  III. 
1760—1860.  By  Sir  Thomas  Erskinb 
Hay,  K  &a  Second  Edit.  2  vols.  8vo.  9A; 

Brodie's  Oonstitational  History 

of  the  British  Empire  from  the  Accession 
of  Charles  L  to  the  Restoration.  Second 
Edition.    8  toIsl  8vo.  86s. 

Historioai  Studies.  L  On  Preeorsors 
of  the  French  Revolution;  II.  Studies  from 
the  BBstory  of  the  Seventeenth  Century; 
in.  Leisure  Hours  of  a  Tourist  By 
Hbbmaw  IfsBiVAtA,  M.A.    8vo.  l^«.  6«£. 
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The  QoTemment  of  England :  its 

Structure  aod  its  Dev«lopin«Dt.  By 
William  Edwabd  Hmabu,  LL.D.  Pro- 
feaaor  of  History  aad  Potltieal  Ecsaoihy  in 
the  IJnirertity  of  Melbourne.    Bvo.  14t. 

Flutology ;  or,  tJie  Theory  of  the  EITi^rts  to 
Satisfy  Human  Wants.  By  the  same 
Author.    8vo.  14j. 

Iiectures  on  the  History  of  Eng- 
land. By  William  Loxomax.  Vol.  I. 
from  the  Earliest  Times  to  the  Death  of 
King  Sdwsrd  11.  with  6  Maps,  a  eoioofed 
Plate,  and  58  Woodcuts.    9vo,  15$. 

History  of  Civilization  in  England 

and  France,  Spain  and  Scotland.  By 
HxHBT  Thomas  Bccklb.  Fifth  Edition 
of  the  entire  work,  with  a  complete  Index. 
3  vols,  crown  8vo.  24#. 

The  History  of   India,  from  the 

Earliest  Period  to  the  dose  of  Lord  Dal- 
hoosie's  AdminittraUon.  By  Jobh  Clabx 
MAJtsiiKAN.    8  vols,  crown  8to.  22s.  Od, 

History  of  the  French  in  India, 

from  the  Founding  of  Pondichery  in  1674 
to  its  Capture  in  17CI.  By  Major  G.  B. 
Malleson,  Bengal  Staff  Corps,  some  time 
in  political  charge  of  the  Princes  of  Mysore 
and  the  King  of  Oudh.    8vo.  16s. 

Bemooraoy  in  Amerioa.  By  Auxia 

Db  Tooqueyillb.  Translated  by  Hbbbt 
Rbbvb»  with  an  Introduetoiy  Notice  by  the 
Translator.    2  vols.  8vo.  21s. 

The    Spanish    Conqnest    in 

America,  and  its  Relation  to  the  History  of 
Slayery  and  to  the  Goyemment  of  Colonies. 
By  Arthitb  Helps.  4  toIs.  8to.  £8. 
VoiA  I.  &  II.  28i.  VouB.  in.  &  IV.  16#.  each. 

The  Oxford  Beformers  of  1408 ; 

being  a  History  of  the  Fellow- work  of  John 
Colet,  Erasmus,  and  Thomas  More.  By 
Frederic  Sebbomm.    8ro.  12$, 

History  of  the  Beformatioa  in 

Earope  in  the  Time  of  Calrin.  By  J.  H. 
Merlb  D'AuBiovi,  D.D.  Vols.  I.  and 
II.  8vo.  28«.  Vol.  m.  12s.  and  Vol.  IV. 
price  16s.  Vol.  V.  in  the  press. 

Ubrary  History  of  Franoe,    in 

5  vols.  8vo.  By  Etrb  Evaks  Cbowb. 
Vol.  I.  14«.  Vol.  II.  15«.  Vol.  III.  18». 
Vou  IV.  I8fc  Vou  V.  jnst  itady. 

Iiectores    on    the    History   of 

France.  By  the  late  Sir  Jameb  Stephbh, 
LUD.    2  vols.  8vo.  24s. 


The  History  of  Greece.  ByCTaiRL- 

WALL,  D.D.  Lord  Bishop  of  St.  Darid'a. 
8  Tols.  fcp.  26s. 

The  Tale  of  the  Great  Persian 

War,  fh>m  the  Histories  of  Ueredotna.  B-.* 
Gbobob  W.  Cox,  M.A.  late  Scholar  of 
Trin.  ColL  Oxon.    Fcp.  7s.  &I. 

Greek  History  fhnn  Themistocles 

to  Alexander,  in  a  Series  of  Lives  from 
Plutarch.  Keviscd  and  arranged  by  A.  11. 
Clough.    Fcp.  with  44  Woodcnts,  Cm. 

Critical    History   of    the    lAn- 

gnage  and  Literature  of  Ancient  Greece. 
By  William  Mure,  of  CaldwelL  5  vols. 
8to.  £S  9«. 

History   of    the    lateratore    of 

Ancient Greeoeu  ByPrafessorK.0.1ii7Li£R. 
Translated  by  the  Right  Hon.  Sir  Gbobgs 
Cobkbwall  Lewis,  BarL  and  by  J.  W. 
DoBAXJMOsr,  D.D.    8  vols.  8vo.  86sl 

History  of  the  City  of  Borne  from 

its  Foundation  to  the  Sixteenth  Century  of 
the  Christian  Era.  By  Thomas  H-  Dter, 
LL.D.    870.  with  2  Maps,  16*. 

History  of  the   Bomans    under 

the  Empire.  By  C.  Merivale,  Lr*.D. 
Chaplain  to  the  Speaker.  8  vols,  post  8vo. 
price  48«. 

The   Fall   of  the    Bonum   Be- 

public  :  a  Short  Histozy  of  the  Last  Cen- 
tury of  the  Commonwealth.  By  the  aame 
Author.    12mo.7f.6d: 

The  Conversion  of  the  Roman 

Empire;  the  Boyle  Lectures  for  the  ^-ear 
1864>  delivered  at  the  Chapel  Royal,  White- 
hall. By  the  same.  2nd  Edition.  8vo.  8a.  Gd, 

The  Conversion  of  the  Northern 

Nations ;  the  Boyle  Lectures  for  1866.  By 
the  same  Author.    8vo.  8s.  6dl 

Critical   and   Historical    Essays 

contributed  to  the  EdbUmt^  JRSvmv.  By 
the  Right  Hon.  Lord  Macal^lat. 

Librart  Editiob,  8  vols.  870. 88s: 
Tbayellbr's  Edition,  in  1  vol.  21s. 
Oabihbt  Edriob,  4  vols.  24s. 
Pocket  Editiob,  8  vols,  fcp.  21s. 
People's  EDmoH,  2  vols,  oown  Svo.  8s. 

The  Pai>al  Drama:  an  Historical 
Essay,  wherein  the  Story  of  the  Popedom 
of  Rome  is  narrated  from  its  Origin  to  the 
Prasent  Time.  By  Thomas  H.  Gill.  8vo. 
price  12s. 
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History  of  theBise  and  Infiuenoe 

of  the  Spirit  of  Bationaliam  in  Europe.  By 
W.  K  H.  Legkt,  M.A.  Third  Edition. 
2  YOI0. 8yo.  25c 

Ck)d  in  History;  Or,  the  Progress 
of  Man's  Faith  in  a  Moral  Order  of  the 
World.  Bj  the  late  Baron  Buvssx.  Trans- 
lated from  the  German  by  SuaAXVA  Wimk- 
wobth;  -with  a  Preface  by  Astkur. 
Peitbhtk  Stabley,  D.D.  Dean  of  West- 
minster,   3  vols.  8 YO.         [^Nearfy  rmtfy. 

The  History  of  Philosophy,  from 

Thales  to  Comte.  By  Gbobgb  Hbmbt 
Lbweb.  Third  Edition,  rewritten  and  en- 
larged.   2  vols.  8vo.  80«. 

Egypt's  Place  in  Universal  His- 
tory ;  an  Historical  Investigation.  By 
Baron  Bunse^t,  D.CL.  Translated  by 
C.  H.  CoTTBELL,  M.A.,  with  Additions  by 
S.  BiROH,  LL.D.    5  vols.  8vo.  £8  lit.  6d, 

Maunder's  Historical  Treasury ; 

comprising  a  General  Introductory  Outline 
of  Univernd  History,  and  a  Series  of  Sepa- 
rate Histories.    Fcp.  10«. 


Historioal  and  Chronological  En- 
cyclopedia, presenting  in  a  brief  and  con- 
venient form  Ciironological  Notices  of  all 
the  Great  Events  of  Universal  History.  By 
B.  B.  WooDWABD,  F.S.A.  Librarian  to  the 
Queen.  [7n  the  prut. 

History  of  the  Christian  Chnroh, 

from  the  Ascension  of  Christ  to  the  Conver- 
sion of  CoBstantine.  By  E.  Bubtob,  D.D. 
late  Begins  Prof,  of  Divinity  in  the  Uni- 
versity of  Oxford.    Fcp.  8«.  6dL 

l^katoh  of  the  History  of  the 

Church  of  England  to  the  Revolution  of 
1688.  By  the  lEUght  Rev.  T.  V.  Shobt,  D JD. 
Bishop  of  St  Asaph.    Crown  8vo.  10s.  BtL 

History  of  the  Barly  Church, 
from  the  First  Preaching  of  the  Gospel  to 
the  Council  of  Nlcsea,  A.D.  825.  By  the 
Author  of 'Amy  Herbert'   Fcp.4«.6d 

History  of  Wesleyan  Methodism. 

By  Gbobob  Smith,  F.A.S  Fourth  Edition, 
with  nnmerous  Portraits,  d  volsL  crown 
8vo.  7s.  each. 

The  EnglifiOi  Beformation.  By 
F.  a  MAasxvGBBBDy  M JL  ChaaceUoT  of 
Tiiafioln,  Fourth  Edit  revised.  Fcp.  7s.  Bd, 


Biography  and  Memoirs. 


IDictionary  of  General  Biography ; 

containing  Concise  Memoirs  and  Notices  of 
the  most  Eminent  Persons  of  all  Countries, 
from  the  £arlie»t  Ages  to  the  Present  Time. 
With  a  Classified  and  Chronological  Index  of 
the  Principal  Names.  Edited  by  WnxiiM 
L.  R.  Catbs.    8vo.  2I1. 

Memoirs  of  Sir  Philip  Francis, 
K.C.B.  with  Correspondenee  and  Jonmab. 
Commenced  by  the  late  Josbph  Pabkes; 
completed  and  edited  by  Hbbman  Mbbi- 
VALB,  M.A.  2  vola.  8vo.  with  Portrait  and 
Facsimiles,  80s. 

Iiife  of  Baron  Bnnsen,  by  Baroness 
BuNSKN.  Drawn  chiefly  from  Family  Papers. 
With  Two  Portraits  taken  at  different  periods 
of  the  Baron's  life,  and  several  Litho- 
graphic Views.    2  vols.  8vo.  [^Nearfy  retufy, 

IA£e    and    Correspondence    of 

Richard  Wfaately,  D.D.  late  Archbishop  of 
Dublin.  By  £.  Jabb  Whatblt,  Author  of 
'English  Synonymes.*  With  2  Portraits. 
2  vols.  8voi.  28s. 


Extracts  of  the  Journals  and 
CoRospondenca  of  Miss  Berry,  from  tho 
Tear  1788  to  1852.  Edited  by  Lady 
Thsbesa  Lewis.  Second  Edition,  with  8 
Portraits.    8  vols.  8vo.  42$, 

Ufe  of  the  Duke  of  Wellington. 

By  the  Rev.  G.  R.  Gusio,  M.A.  Popular 
Rditieo,  carefrdly  revised;  with  copioos 
Additions.    Grown  8vo.  with  Portrait,  5s. 

Historyof  myBeligious  Opinions. 
By  J.  H.  Nbwxab,  D.D.  Being  the  Sub- 
stance of  Apologia  pro  Yitft  Snft.  Post 
8vo.6«. 

Father  Mathew:  a  Biography. 
By  JoBDrFBAirci8MAOinBB,M.P.  Popular 
Edition,  with  Portrait    Crown  8vo.  8s.  M, 

Bome ;  its  Bulers  and  its  InBtitatioxiB. 
By  the  same  Author.  New  Edition  in  pre- 
paration. 

Iiettars    and    Life   of    Francis 

Bacon,  Including  all  his  Occasional  Works. 
Collected  and  edited,  with  a  Commentary, 
by  J.  Sfbddibg,  Trin.  Coll.  CanUb.  Yols.* 
LandlL    8vo.  24f. 
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Life  of  Pastor  Fliedner,  Founder  of 

the  DcaoonesMt*  Institatinn  at  Kaiiertvertli. 
Trmiulatod  from  the  Genun,  witk  the  Moe- 
tjon  of  Fliedner's  FamOj.  By  CATfiBBms 
WwKwoisTH.      Fcp.  iroi  with  Portnit, 

price  8j.  6J. 

The    Life    of   Franx   Sokiiberty 

trantilated  from  the  German  of  KxmaJB 
VoK  IlBixu<.>rji  by  Arthur  Dvkm  Colx- 
BiDGE,  H.A.  late  Feltow  of  Kin^a  CoHege, 
Cambridge.  [  iVearfjr  rwtu^. 

Letters  of  DistingniBhed  Musi- 

ciaof,  rtz.  Glut  k,  Haydn,  P.  E.  Bacb,  Weber, 
and  MeDde!>>ohn.  Translated  fnnn  the 
Gemmii  by  Lady  Waixac^  with  Three 
Portraits.    PbatBvo.  14a, 

Mosart^s  Letters  a7e9-1701), 

trantlated  from  the  CoHection  of  Dr. 
LuDwio  KoRL  by  Lady  Wallacm.  9  voU 
poet  8vo.  with  Portrait  and  FacafaaiH  18t, 

Beethoyen's  Letters  (1790-1826), 

(irom  the  Two  CoUeetiooa  of  Vn,  Nobi. 
and  Voir  K»chbu  TraMlalod  by  Lady 
Wallace.   2  toIb.  peal  Sra  Portrait,  latL 

Felix  Mendelssolm'i  Letters  flrom 

IhUi^and  awiizerhmd,  a^LaUmBjrmt  I8S8 
io  1847,  translated  by  Ia^Wallaok  With 
Portrait.    2  volSb  crow»  Sra  Ail  each. 


BY  LONGMANS  avo  CO. 
,  With    Maadmilian    in    Mexico. 

From  the  Note-Book  of  a  Mexican  Officer. 
By  Max  Baron  Vox  Alvbkslkbx^,  late 
Lieutenant  in  the  Imperial  Mexican  Armv. 
Post  8ro.  7s.  GdL 

Memoirs  of  Sir  Henry  Havelock, 
K.C.B.  By  John  Clark  Mabsiocab. 
Cabinet  Editioo,  with  Portrait.  Crown  Sro. 
price  5s 

Itoaday  as  a  Discoverer :  a  Me- 
moir. i;y  Joiix  Ttxdall,  LLD.  F.K.S. 
Prufeswr  of  Natural  Philosophy  in  tlie 
Aoyal  Institation  of  Great  BriUin,  and  ia 
the  Boyal  School  of  Mines.    Crown  Sxvl. 

Essays  in  Ecoleaiastical  Biogra- 
phy. By  the  Right  Hon.  Sir  J,  bTBt>HKX, 
LLJ>.   Cabinet  Edition.   Crown  Svo.  7s  C-^ 

Vicissitudes  of  Families.    Br  Sir 

Bkrxard  Burkk,  Ulster  King  of  Arm 3. 
First,  Secokd,  and TmitDSKitiKs.  3  vela, 
crown  8to.  12«.  6dL  each. 

Maunder's    Biographical    Trea- 

•ur>'.  Tliirteenth  Edition,  reconstracted  gnd 
partly  reirritten,  with  above  1,000  additions] 
Memoirs,  by.  W.  L.  R.  (atksw  Fcp.  10s  CJ 


Criticism^  Philosophy,  Polity,  cj 


c 


On  Bepresentattre  GkyTemment. 

By  John  Stuart  Mill,  H.P.    lUid  Edi- 
tion.   8vo.  9s.  crown  8ra  tK 
On  Liberty.    By  the  same  Author.    Third 
iidiUon.      Post    Sto.  It.  CdL  cmwn  Sv«. 
ls.4d: 

Frinoiples  of  Political  Boonomy.  "Bf  tlis 
same.  Sixth  Edition.  9  rola.  8Tft.  SOul  or 
in  t  vol.  crown  8va  6s. 

A  Syatem  of  lK>glo,  TBatiofrinntiTO  and 
Inductive.  By  the  aama  Sixth  Edition. 
2  vols.  8vo.  25s. 

Utilitarianiam.  By  the  same.  Id  Edit.  8vo.5s. 

DiMertatioiis  and  Diaooaaiona.  By  the 
same  Author.    3  vols.  Sru  86a. 

Bzaminatlon  of  Sir  "W.  Hamilton'a 
PhUosophy,  and  of  the  Principal  Phikao- 

Ehical  Questions  discussed  in  his  Writinga. 
\j  the  same.    Third  Edition,  Sfo.  1 6s. 

Workmen  and  Wages  at  Home 

and  Abroad ;  or,  the  Eflects  of  Strikes,  Com- 
binations, and  Trade  Unions.  Br  J.  Ward^ 
Anthor  of  «Tlie  Work!  in  its  ^JTorkshofis.' 
&o.    Post  8vo.  7a  6dL  ^^ 


The  Elements  of  Political  Eco- 

nomy.  By  Hk^'ky  Dlxxino  Maoleois 
Bf.A,  Barrister-ot-Law.    8vo  16s. 

A  Diotionary  of  Political  Economy; 
Biographical,  Bibliographicul,  Historic;:], 
and  Practical.  Byjho  same  Author.  Voul. 
roysl  8vo.  80a 

Lord  Bacon's  Works,  collected 

and  edited  byR.  L.  Elus,  M. A.  J.  Spbdddto, 
M.A.  and  D.  D.  Hbath.  VoLa.  L  to  V. 
PkUowphieal  WorkM,  6  vols.  8vo.  X4  6j. 
Vols.  VL  and  HL  iMenpy  and  Froftet- 
noMol  Work*,  2  vols.  £1  16s. 

The  Institutes  of  Justinian;  with 

English  Introduction,  TransUtion,  and 
Notes.  ByT.  C.SANnARS.M.A.Barristcr- 
at-Law.    Third  Edition.    8vo.  15s. 

The  Ethics  of  Aristotle  vith  Er^says 

and  Notes.  By  Sir  A.  Grabt,  Bart.  M.A. 
LL.D.  Director  of  Pablic  Instruction  in  the 
Bombay  Presidency.  Second  Editli*n,  re- 
vised and  completed.   2  vols.  8vo.  price  28*. 


Digitized  by  VjOOQIC 


NEW  WORKS  FUBUBHED  BY  LONGMANS  and  CO. 


Bacon's  Essays,  with  Annotations. 

By  R.  Whatbly,  D.D.  late  Aixrhbtebop  of 
Dablin.    Sixth  Edition.    8vo.  10<.  6cf. 

Elements  of  Logic.  By  R.  Wuatkly, 

D.D.  late  Archbishop  of  Dublin.  Ninth 
Edition.    8vo.  10«.  CdL  crown  8vo.  is,  6J. 

Blements  of  Bhetorlo.  By  the  nuae 
Anthor.  Seventh  Edition.  Sv<k  10s.  6d 
crown  8yo.  4«.  6tL 

BngHiih  Synonyines.  Edited  by  Arch- 
bishop WuATELY.    6th  Edition.   Fcp.  Za, 

An    Outline    of  the    ITecessary 

Laws  of  Thought :  a  Treatise  on  Pure  and 
Applied  Logic  By  the  Most  Rev.  W. 
Thomson,  D.D.  Archbishop  of  York.  Crown 
8vo.  5«.  6^. 

Analysis  of  Mr.  Mill's  System  of 
Logic.  By  W.  Stbbbino,  M.A.  Second 
Edition.    12mo.  d*.  6dL 

The  Election  of  Bepresentatrves, 

Parliamentary  and  Municipal;  a  Treatise. 
By  Thomas  Hare,  Barrister-at-Law.  Third 
Edition,  with  Additions.    Crown  8vo.  6j. 

Speeches  on  Parliamentary  Be- 

form,  delivered  in  the  House  of  Commons 
by  the  Right  Flon.  B.Disbabu  (1848-18GG). 
Edited  by  Montague  Corky,  B.A.  of 
Lincoln's  Inn,  Barrister-at-Law.  Second 
Edition.    8vo.  12«. 

Speeches  of  the  Bight  Hon.  Lord 
Macaulay,  corrected  by  Him8el£  Library 
Edition,  8vo.  12«.  People's  Edition,  crown 
8vo.  3i.  6</. 

Lord   Maoanlay's    Speeches   on 

Parliamentary  Reform  in  1881  and  1882. 
16mo.  It. 

Inaugural  Address  delivered  to  the 

rnivefbity  of  St.  Andrews.  By  Joiijr 
Stuart  Mill,  Rector  of  the  University. 
Library  Editionj  8vo.  5«.  People's  Edition, 
crown  8vo  1*. 

A  Dictionary  of  the  English 
Language.  By  R.  G.  Latham,  M.A.  M.D. 
F.R.S.  Founded  on  the  Dictionary  of  Dr.  S. 
JoHNsox,  as  edited  by  the  Rev.  H.  J.  Todd, 
with  numerous  Emendations  and  Additions. 
Publishing  in  86  Parts,  price  St.  Sd,  each, 
to  form  2  vols.  4to.  Vol.  I.  in  Two  Parts, 
price  £S  10«.  now  ready. 

Thesaurus  of  English  Words  and 

Phrases,  classified  and  arranged  so  aa  to 
facilitate  the  Expression  of  Ideas,  and  assist 
in  Literary  Composition.  By  P.  M.  Rogkt, 
M.D.    New  Edition.    Crown  8vo.  lOs.  (W. 


Lectures  on  the  Science  of  Lan- 
guage, delivered  at  the  Royal  Institution. 
By  Max  Mitlmer,  M.A.  Taylorian  Professor 
in  the  University  if  Oxford.  First  Series, 
Fifth  Edition,  12f.    SE002n>  Series,  ISs, 

Chapters  on  Language.    By  F.  W. 

Fakrar,  M.A.  F.R.S.  late  Fellow  of  Trin. 
CoU.  Cambridge.    Crown  8vo.  8*.  6J, 

The  Debater ;  a  Series  of  Complete 
Debates,  Outlines  of  Debates,  and  Questions 
fbr  Discussion.    By  F.  Rowton.    Fcp.  6f. 

A  Course  of  English  Beading, 

adapted  to  every  taste  and  capacity;  or. 
How  and  What  to  Read.  By  the  Rev.  J. 
Pvcroft,  B.A.    Fourth  Edition,  fcp.  5f. 

Manual  of  English    Literature, 

Historical  and  Critical:  with  a  Chapter  on 
English  Metres.  By  Thomas  Arnold,  M.A. 
Second  Edition.    Crown  8vo.  7i.  Bd, 

Southey's  Doctor,  complete  in  One 
Volume.  Edited  by  the  Rev.  J.W.  Warter, 
B.D.    Square  crown  8vo.  12».  Qd. 

Historical  and  Critical  Commen- 
tary on  the  Old  Testament ;  with  a  New 
Translation.  By  BL  IL  Kaijsch,  Ph.  D. 
YoL.  I.  Genesis,  8vo.  18«.  or  adapted  for  the  ' 
General  Reader,  12<.  Vol.  II.  Exodus,  15«. 
or  adapted  for  the  General  Reader,  12s. 
Vo7«  III.  IjcvUteus,  Part  I.  \o$.  or  adapted 
for  the  General  Reader,  8«. 

A  Hebrew  Qrammar,  with  SxerciBes. 
By  the  same.  Part  1.  OuUmes  with  Exer^ 
cises,  8vo.  12«.  6d.  Ket,  5a.  Part  IL  Ex- 
cqriional  Forms  and  Qmstruetions,  I2s,  Sd, 

A  Latin-English  Dictionary.  By 
J.  T.  White,  D.D.  of  Corpus  Cliristi  Col- 
lege, and  J.  E.  Riddle,  M.A.  of  St  Edmund 
Hall,  Oxford.  Imp.  8va  pp.  2,128,  price  42*. 

A  Now  Iiatin-English  Dictionary, 
abridged  from  the  larger  work  of  JrhUe  and 
Biddle  (as  above),  by  J.  T.  White,  D.D. 
Joint- Author.    8vo.  pp.  1,048,  price  18s. 

The  Junior  Boholar's  Latin-IBnglish 
Dictionary,  abridged  from  the  larger  works 
of  JFhite  and  Biddle  (as  above),  by  J.  T. 
White,  D.D.  Square  12mo.  pp.  6G?,  price 
7f.6d: 

An  English-Greek  Lexicon,  con- 
taining all  the  Greek  Words  used  by  Writers 
of  good  authority.  By  C.  D.  Yonoe,  B.A. 
Fifth  Edition.    4to.  21a. 

Mr.  Tonge*8  New  Lexicon,  En- 
glish and  Greek,  abridged  (torn  his  larger 
work  (as  above).    Square  12mo.  8«.  6<1 
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A  Greek-BngJIah  Ijezioon.   Com- 

pilad  by  H.  G.  Liddkix,  O.D.  Deu  of 
Chrirt  Chnieh,  and  JL  Soorr,  DJ>.  Maitor 
oTBaUmI.  Fifth  Edition,  crown  4to.  sum 

A  IiMdooii,  Oreek  and  TCngHah, 
abridged  flrom  Liddell  and  Scott'b  Greek- 
Emglitk  Lexieom,  Elevcntli  Edition,  aqnam 
ltm&7t.6ci. 

A  Sanskrit-EngliBh  Dictionary^ 
Tho  Sanakrit  words  print^  both  in  tiia 
original  DoTanagari  and  in  Koman  lottan ; 
witli  Referancea  to  the  Bait  Editkma  of 
Sanskrit  Authors,  and  with  Etymologiea 
and  Compariaona  of  Cognata  Words  chiefly 
in  GreelE,  Latin,  Gothic,  and  Anglo-Saxon. 
Compiled  by  T.  BBHrsT.    8va  62s.  6d 


L  TrmatiotX   Diotionary  of   tlie 

French  and  English  Langnages.  By  Pro- 
fessor Jj£o3t  CosTAsaEAu,  many  years 
French  Examiner  for  Military'  and  GStiI 
Appointments,  &c  12th  Edition,  caRfoUr 
revised.    Post  8vo.  lOt.  6dL 


a'8  PoQk0t 
FrMdi  and  Engliah,  abridgod  firam  th« 
ahoTO  by  tha  Author.  New  Editioo.  Iteio. 
prioeds.6<i. 

JSfefw  Praotfoal  Dictioiiary  of  ttie 

German  Language;  German-EngHab,  and 
English-Gennan.  By  the  Rot.  W.  L. 
Blacklxt,  UJLf  and  Dr.  Carl  ICaktxv 
F&UEDLAXDKB.    Poot  8Ta  7s,  6d, 


Miscellaneous  Works  and  Popular  Metaphysics. 


Lessons  of  Middle  Age,  with  some 

Accoant  of  the  Yarions  Cities  and  Man. 

By  A.  K.  H.  B.  Anthor  of  *  The  Recreations 

of  a  Coontry  Panon.'    Poet  Svo.  9s. 
Beorentioiia    of    a    Country    Panon. 

By  A  K.  H.  B.    Sxoovn  Snnn.    Grown 

8TO.8f.6d 
The    Oommonplaoe    Philosopher    In 

Town  and  Country.    By  the  same  Author. 

down  8vo.  8e.  6dL 
Jjeianre  Honrt  in  Town ;  Bsssjs  Consola- 

tOEy,  Athatical,  Moral,  Social,  and  Do- 

maatic    By  the  same.    Crown  8vo.  8t.  6dL 
The  Antttmn  HoUdaye  of  a  Ootmtry 

ParaoD.    By  the  same.    Crown  8to.  8s.  6d 
The  Oraver  Thoughta  of  a  Country 

Parson,  Skooko  SBRisa.     By  the  same. 

Crown  8vo.  8s.  6d 
Orltloal  ISaaaya  of  a  Oonntry  Panon, 

selected  ihMu  Easays  contributed  to  FVaeet^e 

Migaxime*  By  the  same.  Crown  8to.  Si.  6cf 

Sonday  Aftemoona  at  the  Pariah 
Cnorch  of  a  Scottish  University  City.  By 
the  same.    Crown  6vq.  Si.  6dL 

Short  Studies  on  Great  Subjects. 

By  James  Aktuony  Frocdk,  M.A.  late 
Fellow  of  Exeter  College,  Oxford.  Second 
Edition,  complete  in  One  Volume.  Sro. 
price  12s. 

Studies  in  Parliament:  a  Seriea  of 

Sketches  of  Leading  Politidana.  By  B.  H. 
HuTTOxr.  (Beprinted  from  the  Pall  Mail 
Gazette,')    Crown  8to.  4«.  8dL 

Iiord  Maoaulay's  Misoellaneonfl 

Writings. 
LiBBABT  EDinoM,  2  Yols.  8vo.  Portrait,  21s. 
Pxopus'a  Editiov,  1  toL  crown  8tq.  4s.  6dL 


I  Tlie  Bar.  WfdauBj  SmithlB 

eailaneous  Worka;  indnding  hia  Coatriba- 
tions  to  tha  gJafaiy*  Beviem.  People*a 
Editioo,  S  vela,  crown  8Ta.8s. 

SOmantaiT  Bketohee  of  Monl  Fhllo- 
aophy,  dallTered  at  the  Royal  Inatitutieii. 
By  tha  aama  Author.    Fcp.  6s. 

Vh#  "Wit  and  Wledooa  of  the  Bev^. 
anwxr  Smn:  a  Salaetion  of  thaauMt 
namorabla  Paasagos  ia  hia  Wxitingi  end 
ConvenatioiL    ISmo.  6s. 

,  Anoiant  and  Kodam : 

Witty,  Satirical,  Moral,  and 
Panegyrical  Edited  by  Rev.  Jomi  Booth, 
B.A.  Cambridge.  Second  Edition,  revised 
and  enlarged.    Fcp.  7s.  6dL 

The  Folk-Lore  of  the  Northern 

Countiea  of  England  and  the  Borders.  By 
WiLLiUf  HsKDEBSoir.  With  an  Appendix 
on  Household  Stories  by  the  Rev.  S. 
Bajuito-Gould.    Crown  8vo.  9f.  6dL 

Christian  Schools  and  Scholars ; 

or.  Sketches  of  Education  from  the  Christian 
Era  to  theCoancil  of  Trent.  By  the  Author 
of  *  The  Three  Chancel  tors,'  &c  2  vols.  8vo. 
price  80s. 

The  Pedigree  of  the  English  Peo- 
ple ;  an  Argument,  Historical  and  Scientific, 
on  the  Ethnology  of  the  English.  By 
Thoxas  Nicholas,  M.A.  rh.D.    8vo.  ISa. 

The  English  and  their  Origin :  a 

Prologue  to  authentic  English  History.  By 
Luke  Owvn  Pikk,  ILA.  Barrister-at^Law. 
8vo.  9s. 
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SflBays  selected  trom.  Ck>ntribu- 

tioos  to  the  Edinburgh  Bemem,  By  HszntT 
B00SB8.    Seeend  Edition.    8Tolfl.fep.2U. 

Beason  and  Faith,  their  Claims  and 
Conflicts.  By  the  same  Author.  New 
Editioo,  revised  and  extended.  Crown  Svo. 
6s.  Gd, 

The  Solipse  of  Faith;  or,  a  Vi&it  to  a 
Religions  Sceptic.  By  the  same  Aatbor. 
Eleventh  Edition.    Fcp.  5t, 

Befenoe  of  the  Eclipse  of  Faith,  by  its 
Author.    Third  Edition.    Fcp.  Bs,  Gd. 

Seleotions  from  the  Correspondence 
of  R.  £.  H.  Qreyson.  By  the  same  Author. 
Third  Edition.    Crown  8vo.  7«.  Bd. 

Chips  from  a  German  Workshop ; 

being  Essays  on  the  Science  of  Religion^ 
and  on  Mjihology,  Traditions,  and  Cast  cms. 
By  Max  Muller,  M.A.  Fellow  of  All  Souls' 
College,  Oxford.    2  vols.  8vo.  2i». 

.The   Secret  of  Hegel:  being  the 

Hegelian  System  in  Origin,  Principle,  Form, 
and  Matter.  By  James  Hutouisov  Stir- 
lino.    2  vols.  8vo.  28«. 

An  Introduction  to  Mental  Phi- 
losophy, on  the  Inductive  Method.  By 
J.  D.  MoRELL,  MJL  LL.D.    8vo.  12j. 

Moments  of  Psyoholosy*  containing  the 
Analysis  of  the  InteUectnal  Powers.  By 
the  same  Author.    Post  8vo.  7$.  6d. 


The    Senses  and  the   Intelleot«. 

By  Albxasdxb  Baxbt,  M.A.  Prof,  of  Logic 

in  the  Univ.  of  Aberdeen.    Second  Edition. 

8vo.  15«. 
The  Bmotions  and   the  "WOl,   by  the 

same  Author.    Second  Edition.    8vo.  Ifit. 
On  the  Study  of  Character,  induding^ 

an  Estimate  of  Phrenology.    By  the  same 

Author.    8vo.  9f. 

Time  and  Spaoe:  a  Metaphysical 
Essay.  By  Shadworth  H.  Hodosov. 
8vo.  price  16«. 

Occasional    Essays.     By    C.   W. 

HosKTNs,  Author  of*  Talpa,  or  the  Chroni- 
cles of  a  Clay  Farm,'  &c.    16mo.  5«.  Bd, 

The  Way  to  Best:  Results  from  a 
Life-search  after  Religions  Trnth.  By 
R.  Yavquas,  D.D.    Crown  8vo.  7s.  6d, 

From  Matter  to  Spirit.    By  Sophia. 

E.  De  Moroav.    With  a  Preface  by  Pro- 
fessor Db  Morgae.    Post  8vo.  8s.  6(f. 

The  Philosophy  of  I^ecessity;  or, 
Natural  Law  as  applicable  to  Mental,  Moral, 
and  Social  Science.  By  Charles  Brat. 
Second  Edition.    8vo.  9«. 

The  Education  of  the  Feelings  and 
Affections.  By  the  same  Author.  Third 
Edition.    8vo.  Be.  M. 

On  Force,  its  Mental  and  Moral  Corre« 
lates.    By  the  same  Author.    8vo.  5«. 


Astronomy^  Meteorology^  Popular  Geography^  <^x. 


Outlines  of  Astronomy.  By  Sir 
J.  F.  W.  HsBsoDBXL,  Bart,  M.A.  Ninth 
Edition,  revised ;  with  Plates  and  Woodcnts. 
8vo.  18«. 

Saturn  and  its  System.  By  Bioh- 
ard  a.  Proctor,  B.A.  late  Scholar  of  St. 
John's  Coll.  Camb.  and  King*s  Coll.  London. 
8vo.  with  14  Plates,  14«. 

The  Handbook  of  the  Stars.  By  the 
same  Author.  Square  fcp.  8vo.  with  8  Maps, 
price  5<. 

Oelestial   01:]Jeot8   for   Common 

lUesoopes.  ByT.  W.  Webb,  MjL;F.BJLS. 
Revised  Edition,  with  Illustrations. 

{^Nmrhf  rtady, 

A  General  Dictionary  of  Geo- 
graphy, Descriptive,  Physfeal,  Statistical, 
and  Historical  ;  forming  a  complete 
Gaxetteer  of  the  World.  By  A.  Kzith 
JoBirsTOs^  F.R.S.E.  New  EditioD,  revised 
to  July  1867.    avo.Sls.  6A 


Mcculloch's  Diotionary,  Geogra- 
phical, Statistical,  and  Historical,  of  the 
various  Countries,  Places,  and  principal 
Natural  Objects  in  the  Worid.  Revised 
Edition,  with  the  Statistical  Information 
throughout  brought  up  to  the  latest  returns. 
By  Frederick  Martik.  4  vols.  8vo.  with 
coloured  Maps,  £4  4s. 

A  Manual  of  Geography,  Physical, 

Industrial,  and  PolitieaL  By  W.  Hughes, 
F.R.G.S.  Prof,  of  Geog.  in  King's  Coll.  and  in 
Queen's  Coll.  Lond.  With  6  Maps.  Fcp.7s.6cr. 

The  States  of  the  Biyer  Plate : 

their  Industries  snd  Commerce,  Sheep 
Fanning,  Sheep  Breeding,  Cattle  Feeding, 
and  Meat  Preserving;  the  Employment  of 
Capital,  Land  and  Stock  and  their  Values, 
Laix>ur  and  its  Remuneration.  By  Wilfrid 
Latham,  Buenos  Ayres.  Second  Edition. 
8vo.  12s. 
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Hawaii :  the  Patt,  Present,  and  Fotnre 
of  itf  lalud-Kioi^oin :  an  Hittorical  Ac- 
coBBtaTUie  Sandwich  Islands.  B^Mavlbt 
HoPKixs,  Hawaiian  ConsuUGencral,  &c. 
Second  Edition,  rerised  and  continued; 
with  Portrait,  Map,  and  8  other  Illusira- 
Post  8vo.  Its,  6dL 


Xaimder's  Treasury  of  Geogra- 
phy, PhjsiGa],  Historical,  Deacriptim^  mad 
Political.  Edited  by  W.HuoBES.F.R.G^ 
With  7  MaiM  and  16  Plates.    Fcp.  10a.  6dL 

Physioal  Geography  for  Schoola 

and  General  Readers.    By  M.  F.  Maurt. 
LL.D.    Fcp.  with  2  Charts.  ?•.  at 


Natural  Ilistori/  and  Popular  Science. 


Elementary  Treatise  on  Physics, 

Experimental  and  Applied,  for  the  nse  of 
Colleges  and  Schools.  Trandatcd  and  edited  ' 
from  Ganot'b  '  Klcinents  ds  Pliysiqoe ' 
(with  tlio  Author's  sanction)  by  £.  Atkin- 
son, Ph.D.  F.CS.  Now  Edition,  revised 
and  enlarged;  n-ith  a  Coloured  Plate  and 
620  Woodcuts.    Post  8ro.  15s. 

The   Elements   of    Physios   or 

Katnral  Philosophy.  By  Nkil  Abnott, 
M.D.  F.R.S.  Physician  Extraordinary  to 
the  Qaeen.  Sixth  Edition,  rewritten  and 
completed.    2  Parts,  8vo.  21s. 

Dove's  Iiaw  of  Storms,  considered  in 

connexion  with  the  ordinary  Movements  of 
the  Atmosphere.      Translated  by  B.  II.    j 
ecoTT,  H  A.  T.C.D.    8vo.  10s.  Od.  I 

Books  Classified  and  Besoribed*  : 
By  Berxhard  Yon  Cotta.    An  English 
Edition,  by  P.  11.  Lawrdtcf.  (with  English, 
German,  and  French  Synonymes),  revised    • 
by  the  Author.    Post  8vo.  lis. 

Sound :  a  Course  of  Eight  Lectures  deli* 
vered  at  the  Royal  Institution  of  Great   [ 
Britain.     By  Professor   John  Ttndali^ 
LL.D.  F.R.S.     Crown  8vo.  with  Portrait 
and  Woodcuts,  9s. 

Heat  Considered  as  a  Mode  of 

Motion.  By  Professor  Joun  Tyndall, 
LL.D.  F.R.S.  Third  Edition.  Crown  8vo. 
with  Woodcuts,  10s.  GdL 

Xiight:  its  Influence  on  Life  and  Health. 
By  Forbes  Winsi^w,  M.D.  D.C.L.  Oxon. 
(Hon.).    Fcp.  8\'o.  6s. 

An  Essay  on  Dew,  and  several  Ap- 
pearances connected  with  it.    By  W.  C.  i 
Wklia    Edited,  with  Annotations,  by  L.  ' 
P.  CA8RLT.A,  F.R.A.8.  and  on  Appendix  bv  j 
R.  Straciian,  F.M.S.    8vo.  5s.                '  i 

A    Treatise   on    Electrioityy    in  | 
Theory  and  Practice.    By  A.  De  i-a  Rive, 
Prof,  in  the  Academy  of  Geneva.    Trans-   I 
lated  by  C.  V.  Walker,  F.R.S.    8  vols.   \ 
8vo.  with  Woodcuts,  £8  13s. 


A  Preliminary  Disoourse  on  the 

Study  of  Natural  IPhilosophy.  Bv  Sir 
JoHX  F.  W.  Uerschel.  Dart.  Revisrti 
Edition,  with  Vig:»ettc  Title.     Fop.  3*  Gd. 

The     Correlation    of    Fhyaical 

FoKes.  By  W.  R.  Grove,  aC  V.P.K.Su 
Fifth  Edition,  rsvlsed,  and  augmented  by  a 
Discourse  on  Continuity.  8vo.  10a.  Gd, 
The  Diacoune  on  Gmtinmtyy  separatclv] 
price  2«.  Gd 

Manual  of  GFeology.  Bv&Hauchtok, 

M.D.  F.R.8.  Fellow  of  Trin.  Coll.  and  Prof, 
of  Geol.  in  the  Univ.  of  Dublin.  Second 
Edition,  with  66  Woodcuts.    Fcp.  7a.  6dL 

A  Gnide  to  Geology.  By  J.  F&iluts, 

MA.  Prof,  of  Geol.  in  the  Univ.  of  Oxford. 
Fiah  Edition,    Fcp.  4s. 

A  Glossary  of  Mineralogy.  By 
H.  W.  Bristow,  F.G.S.  of  the  Geological 
Survey  of  Great  Britain.  With  486  Fignrea. 
Crown  8vo.  6s. 

Van  Der  Hoeven's  Handbook  of 

ZooLOor.  Thmslated  from  the  Second 
Dutch  Edition  by  the  Rev.  W.  Clark, 
M.D,  F.R.S.  2  vols.  8vo.  w:ih  24  Plates  of 
Figures,  60* 

Professor  Owen's    Lectures   on 

the  Comparative  Analoray  and  PbysiologA- 
of  the  InverfebraJo  Animals  *^  Second 
ICdition,  with  235  Woodcat*,     8vo.  2U. 

The  Comparative  Anatomy  and 

Physiology  of  the  Vertebrate  Animals.  Bv 
Richard  Otikv,  F.R.S.  D.C.L.  8  vols. 
8vo.  with  upwards  of  1,200  Woodcata! 
Vols.  I.  and  II.  price  21«.  each.  Vol.  III. 
(completing  the  work)  is  nearly  resdr. 

The  First  Man  and  His  Place  in 

Creation,  considered  on  the  Principles  of 
Common  Sense  from  a  Christian  Point  of 
View;  with  an  Appendix  on  the  Negro. 
By  George  Moore,  M.D.  M.R.C.P.L  8rc. 
Post  8\'o.  8.f.  6d. 
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The    FrimitiTe    TnhahitantB   of 

Scandmayia:  an  Essay  on  ComparatiTe 
Ethnogiaphy,  and  a  oontribniion  to  the 
History  of  the  Developement  of  Mankhid. 
Containing  a  description  of  the  Implements, 
Direllings,  Tombs,  and  Mode  of  Liying  of 
the  Savsges  in  the  North  of  Europe  dnriog 
the  Stone  Age.  By  Svsn  Nilssok.  Trans- 
lated from  the  Author's  Ma  of  the  Third 
Edition ;  with  an  Introdnction  by  Sir  Jons 
Lubbock.    8yo.  with  nnmeroos  Plates. 

[^Nearly  readjf. 

The  Iiake  DweUings  of  Switaer- 

land  and  other  Parts  of  Europe.  By  Dr.  F. 
Keller,  President  of  the  Antiqnarian  Asso- 
ciation of  ZQrich.  TransUted  and  arranged 
by  J.  E.  Lbb,  F.a.A.  F.G.8.  Author  of 
•Isca  Silnram.'  With  sererat  Woodcuts 
and  nearly  100  Plates  of  Figures.  Royal 
8yo.  8  If.  6(2. 

Homes  witlioat  Handi:  a  X>eterip- 

tion  of  the  Habitations  of  Animals^  classed 
according  to  their  Principle  of  Construction. 
ByBev.  J.G.Wood,  M.A.  F.L.9.  With 
about  140  Yignettes  on  Wood  (20  full  size 
of  page).    Second  Edidon.    8vo.  21a 

Bible  Anlmala;  being  an  Acoontit  of  the 
various  Birds,  Beasts,  Fishers  and  other 
Animals  mentioned  in  the  HoTy  Script  ares. 
By  the  Bev.  J.  G.  Wood*  il.A.  F.L.S. 
Copiously  Xlinstrated  with  Original  Design*, 
made  under  the  Author's  superintendence 
and  engraved  on  Wood.  la  course  of  pub- 
lication monthly,  to  be  completed  in  20 
Parts,  price  Ij.  each,  forming  One  Yoliimc^ 
uniform  with  <  Homes  without  Hands.' 

The  Harmonies  of  Nature  and 

Unity  of  Creation.  By  Dr.  G.  Habtwio, 
8yo.  with  numenras  Illnitratieinsy  1  St, 

Thm  Baa  and  its  JAviag  Wonders.  By 
the  same  Author.  Third  Edition,  enlarged. 
8yo.  with  many  lUaatratioos,  21«. 

The  Troidoal  Wozld.  Bar  ^he  same  Author. 
With  9  Chromoxylogra]^  and  172  Wood- 
cuts.   8vo.  21a. 

The  Polar  "WorlAi  a  Vopobm  Aoooont  of 
Nature  and  Han  in  the  Arctic  and  Antarctic 
Begieai^  Bgr  the  same  Autter.  •ro.with 
nuBMrous  llhislmtions^       llfmrfy  rmtfy, 

Ceylovu  By  Sir  J.  EMBB80R  TsmnniT, 
K.C.S.  LL.D.  5th  Edition ;  with  Maps,  &c 
and  90  Wood  EngraTingi.  2  tola  8ve. 
X210S. 

The  Wild  Blephant,  ita  Structure  and 
Habits,  with  the  Method  of  Taking  and 
Trainhig  it  in  Ceylon.  By  the 
Author.    Fcp.  with  22  Woodcuts  3f.  Sd, 


Manual  of  Corals  and  Sea  JelUee. 

By  J.  R.  GnxEinE,  B.A.  Edited  by  J.  A. 
GutuiBAiTH,  M.  A.  and  S.  HAnoBTOir,  M.D. 
Fepi  with  89  Woodcuts,  6«. 

Mimual  of  Sxranges  and  Animaloulss  s 
with  a  General  Introduction  on  the  Prind- 
pies  of  Zoology.  By  the  same  Author  and 
EditATB.   FcD  with  16  Woodenta  2a. 

Manual  of  the  MetaUoida.  By  J.  Afjohv, 
M.D.  F.R.a  and  the  same  Editora  2nd 
Edition.    Fcp.  with  88  Woodcnts,  7a  Od. 

A    Ftoiiliar   History  of  Birds. 

By  £.  Stabiat,  D.D.  bite  Lord  Bishop  of 
Norwich,    lep.  with  Woodcuts,  8«.  GdL 

Kirby  and  Spenoe's  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Iiuiecta   Crown  8yo.  5f . 

Maundffi^s  Treamrj  of  Katural 

History,,  or  Popular  Dictionary  of  Zoology. 
Berised  and  corrected  by  T.  S.  Cobboud, 
M.D.    Fcp.  with  900  Woodcuts,  10a 

The    Elements    of   Botany   Ibr 

Families  and  Schoola  Tenth  Edition,  re- 
Tiaed  by  Thomas  Moobx,  F.L.S.  Fcp. 
with  164  Woodcuts,  2a.  (ML 

The    Treasury   of   Botany,     or 

Popular  Dictionary  of  the  Vegetable  King- 
dom ;  with  which  is  incorporated  a  Glos- 
sary of  Botanical  Terms.  Edited  by 
J.  LiXDLET,  F.B.8.  and  T.  Moorb,  F.L.S. 
assisted  by  eminent  Contributora  Pp. 
1474,  with  274  Woodcuts  and  20  Steel 
Platea    2  Parts,  fcp.  20a 

The  British  Xlora ;  compiiiiBg  the 
Phflsnogamous  or  Flowering  PtantB  aad  the 
Fema  By  Sir  W.  J.  Hookeb,  K.H.  and 
Q.  A.  WAKKKBpAmfOvr,  LKD.  ISteo* 
with  12  Plates,  14a  or  coloured,  21a 

The  Boae  Amateur's  Guide.  Bj 

Thomab  RcvKua   New  Edition.  Fcp.  4a 

TiOndoffi^Btogyel0|WPdiaofHaats} 

compriaiBg  the  Speciile  Charaeler,  Ptilp- 
tlHi,  Culliir%  ffistory;  fte.  of  aB  thePbnta 
Ibund  in  Great  Britain.  With  upwards  of 
U^OOOWoodenla    S«eb4la 

iKMidon'li  BnoyelopMdla  of  Trees  nd 
flknbs;  coatiteing  the  Hardy  Timm  and 
flknbs  of  Greet  Bvitahi  sdentiSeaBy  md 
popularly  described.  With  2,000  WeodBaia, 
8m  60a 

Mannder's  Soientifle  and  Ute- 

my  Trenuxy ;  a  Popehur  Bncydopisdia  of 
Scienos^LiteiitmbandArt  New  Edition, 
thonMighly  revised  and  in  great  pert  re- 
written, with  above  1,000  new  arCMe%  by 
J.  Y.  Jororsov,  Corr.  M.Z.S.  Fcp.  10a  6d 
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A  Dictionary  of  Soienoe,  lAtersr 

tare,  and  Art  Fourth  Edition,  n-editad 
hj  the  laU  \V.  T.  Bbajtdb  (the  Authiv) 
mod  Gkorgk  VV.  Cox,  M^  3  volf.  medium 
8ro.  price  C3«.  cloth. 


Essays  from  the  Edinbnrg^  and 

QtuiHerfy  Review  ;  with  Addresses  and 
other  Pieces.  By  Sir  J.  F.  W.  Herscrkl, 
Bart.  M.A.    8ro.  ia«. 


Cfiemistry,  Medicine,  Surgery,  and  t/ie  Allied  Sciences. 


A  Dictionary  of  Chemistry  and 

(he  Allied  Branches  of  otlier  Sciences.  By 
IIbbrt  Watts,  F.C.S.  assisted  bj  erainent 
Cootrlbators.  5  toIs.  medinm  Sva  In 
coarse  of  publicstion  in  Parts.  You  L 
atf.  Bd.  Vol.  IL  26<.  You  III.  81t.  0dL 
and  Vol.  IV.  24$.  are  now  ready. 

Handbook  of  Chemical  Analysis, 

adapte  J  to  the  Unitary  System  of  Notation. 
By  F.  T.  CoNiifOTOV,  M.A  F.C.8.  Poet 
8vo.  7i.  &/. 

Conixvgton's  Tables  of  Qualitativo 
Anafgsiif  to  accompsny  the  above,  2$.  M, 

Elements  of  Chemistry,  Theore- 

Ucal   and    Practical      By   Wiluam   A. 
HiLLBB,  M.D.  LLJ).  Professor  of  Chemis- 
try.  King's  College,  London.    8  vols.  8vo. 
£8.  Pakt  L  Chkhical  Physics,  Revisetl    | 
Edition,  lot.    Part  II.    Ixoboakic  Che-    j 
MUTRT,  21».    Part  IIL    Organic  Chk-   | 

MUTRT,  24s. 

A  Manual  of  Chemistry,  De- 
scriptive and  Theoretical.  By  William 
OoLuio,  M.a  F.B.S.  Part  I.  8vo.  9i. 
Part  H.  nesrly  ready. 

▲  Course  of  Fraottoal  Ghemistry,  for  the 
use  of  Medical  Students.  By  the  same 
Author.  New  Edition,  with  70  new 
Woodcuts.    Crown  8vo.  7i.  Bd. 

liSOtores  on  Animsl  Ohemistry  Delivered 
at  the  Boyal  College  of  Physicians  in  1866. 
By  the  same  Aathor.    Crown  8vo.  4s.  6d 

The  Tozioologist's  Guide:  a  New 

Manual  on  Poisons,  giving  the  Best  Methods  < 

to  be  porsued  for  the  Detection  of  PoisoDs  < 

By  J.  Horsley,  F.CS.  Analytical  Chemist  , 

Post  8vo.  8s.  BtL  ! 

The  Diagnosis,   Pathology,   and 

Treat  men  t  of  Diseases  of  Women ;  inclading  I 

the  Diagnosis  of  Pregnancy.    By  Grailt  I 

Hewitt,  M.D.  &c    Second  Edition,  en-  I 

larged;   with  llG  Woodcnt  Illnstrfltions.  I 
8vo.  2  Is. 


Leotores  on  the  Diseases  of  In- 
fancy and  ChOdhood.  By  Charles  West, 
M.D.  &C.  oth  Edition,  revised  and  enlBrged* 
8va  18s. 

Eacposition   of    the    Signs    and 

Symptomsof  Pregnancy :  with  other  Papers 
on  sabjecU  connected  with  Midwiferr.  Bv 
W.  F.  Moetqomert,  UJl.  UJ>,  M.R.LA. 
8vo.  with  Illnstrations,  2$s. 

ASystemof  Surgery,  Theoretioal 

sad  Practica],  in  Treatises  by  Yarioos 
Authors.  Edited  by  T.  Houna,  tf  JL 
GsnUb.  Assistant-Smgeon  to  St  Geoiga's 
HoepitsL    4  vols.  8vo.  £4  13s. 

VoL  I.   General  Pathology,  2i#. 

VoL  n.  Iiooal  Injuries :  Oan-shot  Woanda. 
Injuries  of  the  Hesd,  Back,  Face,  Nedc, 
Chest,  Abdomen,  Pelvis,  of  the  Upper  and 
I/>wer  Extremities,  and  Disesses  of  the 
Eye.    21s. 

VoL  III.  Operative  Surgery.  Disoaaes 
of  the  Oigans  of  CiicnlaUon,  LocomoUon, 
&c    2U 

Vcd.  IV.  Diseaaes  of  the  Organs  of 
Digestion,  of  the  Genito-Urinsry  Svstem, 
and  of  the  Breast,  Thyroid  Gland,'and'Skii] ; 
with  AppEirDix  and  General  Index.  80s. 

Iiectures  on  the  Principles  and 

Practice  of  Physic.  By  Thomas  Watbov, 
M.D.  Physician-Extraordumry  to  the 
Queen.    New  Edition  in  preparation. 

Iiectores  on  Surgical  Pathology. 

By  J.  Paget,  FJl.S.Surgeon-Extraordhiarv 
to  the  Queen.  Edited  by  W.  Turiter,  M.B. 
Neir  Edition  in  preparation. 

A  Treatise  on  the  Continued 
Feven  of  Gfeat  Britain.  By  a  tf  VRcmsoii, 
M.D.  Senior  Physidan  to  the  London  Fever 
Hospital    8vo.  with  coloured  Plates,  18s. 

Outlines  of  Physiology,  Human 
and  Comparative.  By  John  Marshall, 
F.R.C.S.  Professor  of  Surgery  in  Universitv 
College,  London,  and  Surgeon  to  the  Unf- 
versity  College  Hospitsl.  2  vols,  crown  8ro 
with  122  Woodcuts,  S2s. 
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Anatomy,  DesooriptiYe  and  Sur- 

gie^  By  Hbhbt  Gbat,  F.R.S.  With 
410  Wood  Eogrevings  from  Di8S6ctioii& 
Fourth  Edition,  by  T.Holsub,  M.A.  Ganteb. 
Bojal  8to.  38«. 

Tha  Cyolppodia  of  Anatomy  and 

Physiology.  Kdit«d  by  the  late  B.  B.  Todd, 
M.D.  F.R.a  Assisted  by  nearly  all  the 
most  eminent  cultivators  of  Physiological 
Science  of  the  present  age.  6  vols.  8vo. 
with  2,858  Woodcuts,  £6  6f. 

Pbysiological  Anatomy  and  Phy- 
siology of  Man.  By  the  late  R.  B.  Todd, 
MJ>.  F.R.S.  and  W.  Bowmajt,  F.R.S.  of 
King's  College.  With  numerous  Illustra- 
tioDS.    Vol.  XL  8vo.  25«. 

Voi«  I.  New  Edition  by  Dr.  Liokbl  S. 
Bealb,  F.R.S.  in  course  of  publication; 
Part  L  with  8  Plates,  7«.  6<f. 

Histological  DemonstrationB ;   a 

Guide  to  the  Microscopioil  Examination  of 
the  Animal  Tifsues  in  Health  and  Disease, 
for  the  use  of  the  Medical  and  Yeterlnary 
Professions.  By  G.  Hablbt,  M.D.  F.R.S. 
Prof,  in  Univ.  Coll.  London ;  and  G.  T. 
Browit,  M.R.C.V.S.  Professor  of  Veteri- 
nary Medicine,  and  one  of  the  Inspecting 
Officers  in  the  Cattle  Plague  Department 
of  the  Privy  Council.  Post  8vo.  with  223 
Woodcuts,  12*. 

A  Dictionary  of.Fraotioal  Medi- 

dne.  By  J.  Copla-hd,  M.D.  F.R.S. 
Abridged  from  the  larger  work  by  the 
Author,  assisted  by  J.  Q,  Coplahd,  M.R.G.S. 
and  throughout  brought  down  to  the  pre- 
sent state  of  Medical  Science.  Pp.  1,560, 
io  8vo.  price  8C«. 


The  Works  of  Sir  B.  C.  Brodie, 

Bart.  coUected  and  arranged  byCRARLSs 
Hawkdis,  F.R.aS.£.  8  vols.  8vo.  with 
Medallion  and  Fac8lInil^  48s. 

A  Manual  of  Materia   Medica 

and  Therapeaties,  abridged  from  Dr. 
PsBBiHA'f  Element»  by  F.  J.  Farrb,  BtLD. 
assisted  by  R.  Bbntlbt,  M.RC.8.  and  by 
R.  Wabdiotos,  F.R.S.  1  voL  iro.  with 
90  Woodcuts,  21«. 

Thomson's    Conspectus   of   the 

British  Pharmacoposia.  Twenty-fourth 
Edition,  corrected  by  £.  Llotd  Birkett, 
H.D.    18mo.6«.6<f. 

Manual  of  the  Domestic  Practice 

of  Medicine.  By  W.  B.  Kestevxsi, 
F.R.C.S.E.  Third  EdiUon,  thoroughly 
revised,  with  Additions.    Fcp.  6f. 

Sea-Air    and    Sea-Bathing    for 

Children  and  Invalids.  By  Witjuam 
Strange,  M.D.    Fcp.  8ft. 

The  Bestoration  of  Health;  or, 
the  Application  of  the  Laws  of  Hygiene  to 
the  Recovery  of  Health :  a  Manual  for  the 
Invalid,  and  a  Guide  in  the  Sick  Room. 
By  W.  Stravoe,  M.D.    Fcp.  Gil 

Q-ymnasts  and  Gymnastics.  By 
John  fl.  Howard,  late  Professor  of  Gym- 
nastics, Comm.  Coll.  Ripponden.  Second 
Edition,  revised  and  enlarged,  witlt  various 
Selections  from  the  best  Authors,  containing 
445  Exercises;  and  illustrated  with  185 
Woodcuts,  including  the  most  Recent  Im- 
provements in  the  different  Apparatus  now 
used  in  the  various  Clubs,  &c.  Crown  8vo. 
10a.  6€t 


The  Fine  Arts^  and  Illustrated  Editions. 


Half-Hour  Leotnree  on  the  His- 
tory and  Practice  of  the  Fine  and  Orna- 
mental Arts.  By  W.  B.  Scott.  Second 
Edition.  Crown  Svo.  with  60  Woodcnt 
lUustrationa,  St,  6J. 

An  Introduotion  to  the  Study  of 

National  Music;  Comprising  Researches 
into  Popular  Songs,  Traditions,  and  Cns- 
tomo.  By  Cabl  Enoru  With  Frontis- 
piece and  numerous  Musical  Illustrations. 
8vo.  16f. 

Leotoresonthe  History  of  Modem 

Mnsic,  delivered  at  the  Royal  Institution. 
By  JoHH  HvLUAH.  First  Coubsb,  with 
Ghronotogical  Tables,  post  8vo.  6j.  9d. 
Sboohd  Coitrsb,  the  Transition  Period, 
with  26  Specimens,  8vo.  16s.  I 


The  Chorale  Book  for  England ; 

a  complete  Hymn-Book  in  accordance  with 
the  Services  and  Festivab  of  the  Church  of 
England :  the  Hymns  translated  by  Miss  C. 
WiKKWORTH ;  the  Tunes  arranged  by  Prof. 
W.  S.  BEKirBTT  and  Otto  GoLDscmcmT. 
Fep.4to.12s.6dL 
Congregational  Sdition.   Fcp.  2». 

Six  Lectures  on  Harmony.  De* 
livered  at  the  Ro3*ai  Institution  of  Great 
Britain  bcfbro  Easter  1867.  By  G.  A. 
Macfarrxn.    8vo.  lOff.  Od, 

Saored  Mnsio  for  Family  Use ; 

A  Selection  of  Pieces  for  Onc^  Two,  or  more 
Voices,  from  the  best  Composers,  Foreign 
and  English.  Edited  by  John  Uullah. 
1  vol.  music  folio,  21s. 
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Tba  JTew  TestsniBiiti  UfaMnoed  vith 

Wood  KqgrsTiagt  aftar  tb«  Kailjr  Maift«i> 
diMly  oT  tho  Italiaa  SehooL  Omni  Ito. 
6Uck>th,gaUtopi  or  £5  gfc  ■woeoo. 

I^rn  Qermudotkf  te  ChristiiaiTear. 

T^nuMlalod  by  Cathbiw  WancwostK; 

with  126  DlutratMOt  on  Wood  donn  by 

J.  LmBTOii,  F^SbA.    QMrtOtSU. 
XqpTft    Qownamloo.     the    OhiWiiii     LMIb. 

ThmsUUd  by  Cathkbiks  WnrKwosn; 

with  about  200  Woodeni  lUiutratioBt  by 

J.  LsioHTiai,  F.S.A.  and  other   Axtlata. 

QnarCoy  21t. 

The  Iiif e  of  Man  SsrmboUfled  tff 

tha  Months  of  the  Tear  in  their  Seaaons 
and  Phases;  with  Passages  selected  from 
Ancient  and  Modem  AnthorL  ByBic&uu> 
PiooT.  Accompanied  by  a  Series  of  26 
fhll-page  niiifltrations  and  numerooa  Mar- 
ginal Devios^  DaoQfatiTa  Initial  Lettsn^ 
and  Ikilpteces,  sngiaved  on  Wood  from 
Original  Des^pas  by  Job 
r.8^    QoartOb42t. 


Oats'  and  FarUe's 

blans}  wiHi  AfhmiaaM,  Adages,  aad  Pro- 
wHbs  or  aU  Nationa  :  comprJsiiig  121 
ninstrationa  on  Wood  by  J.  Lbbobtov, 
F.S^.  with  an  appropriate  Text  by 
R.P100T.    Imperial  dro.  81t.  6dL 


flfmtJmanta 

fiimilea  priaited  inBtedkm^Goid,  and  ills- 
mtnated  intheMisBBlstyleby  HmnsTiroBx. 
HmiPinunn.  Inn 

the  Medallion  and  Qyi^er  of  I 
Square  poet  8to.  21t. 

Saored  and  Iiogendary  Art.    By 

Mrs.  JASomov.  With  numerous  £tcbin^ 
and  Woodcut  lUnstrations.  6  toIf.  m^nare 
crown  8to.  price  £5  16s.  6d  doth»  or 
£12  12t.  bound  in  morocoo  by  Biyi^re.  To 
be  had  alaa  in  doth  only,  in  Foim  Sitmnp^ 
aaibUowa:— 

Iiegenda  of  the  Bainta  aad  Mar^rs. 
Fifth  EdiUon,  with  19  Etchhigs  and  1S7 
Woodcuts.  2  Tols.  square  crown  Sto. 
ftla-W. 

Iiagenda  of  the  Monaaiie  Ordttra.  Hunt 
Edition,  with  11  Etchings  and  88  Woodcats. 
1  wL  sqnave  erowm  6f&  21^ 

Iiegenda  of  the  Madonna.  Third  Edition, 
with  27  Etchings  and  166  Woodcats.  1 
▼oL  square  crown  8yo.  21t. 

■nie  Hlaiory  of  Our  Iiord*  as  exemplified 
in  Works  of  Art  Completed  by  Lady  Eaar* 
LACK.  Seeottd  Edition,  with  U  Etchiaga 
and  281  Woodcats.  2  toIs.  sqaare  crown 
8V0.42JL 


Aiis,  Manufactures,  Sfc. 


Drawing  firom  Nature;  a  Series  of 
Progressive  Instructions  in  Sketching,  from 
Elementary  Studies  to  Finished  Views, 
with  Ezamplee  from  Switserland  and  the 
Pyrenees.  By  Gbobob  Bakhard,  Pro- 
fiBssor  of  Drawing  at  Rugby  School  With 
18  Lithographic  Plates  and  108  Wood  En- 
gravings. Imp.  8vo.  25t.  or  in  Three  Parts, 
royal  8to.  7<.  6<i  each. 

Gwilt's  Enoyolop8Ddia  of  Arolii- 

tecture.  Fifth  Edition,  with  Alterations 
and  considerable  Additions,  by  Wtatt 
Papwokth.  Additionally  illustrated  with 
nearly  400  Wood  Engrarings  by  O. 
JnwrrT,  and  upwards  of  100  other  new 
Woodcats.    8vo.  52s.6dL 

Tnaoan   Sonlptors,  tiieir   lorea. 

Works,  and  Times.  With  45  Etdiings  and 
28  Woodcnta  from  Original  Drawings  and 
Photograplis.    By  Ghakum  G.  Pvumis. 

2  vols.  imp.  8vo.  68t. 


Original  Designs  for  Wood-Canr- 

ing,  with  Practical  Instructions  in  the  Art. 
By  A.  F.  B.  With  20  Plates  of  Illustrations 
engraved  on  Wood.    Quarto^  18t. 

nye  Onunmar  of  Heraldry:  coq- 

taining  a  Deacription  of  all  Jthe  Principal 
^  (%arges  used  in  Armory,  the  Signification 
of  HeraUBc  Terms,  and  the  Rules  to  be 
observed  in  Blazoning  and  Marshalling. 
By  JoKV  E.  CussANB.  Fcp.  with  196 
Woodcuts,  4«.6d: 

Hints  on   Household  Taste  in 

Fumituze  and  Decoration.  By  Chablbs  L. 
Eabtlakie,  Architect  With  nnmoous  lUns- 
trations engraved  on  Wood.  \Ntorly  ncuUf, 

The  Kngineer's  Handbook;  ex- 
plaining the  Principles  which  should  guide 
the  young  Engineer  in  the  ConstmctieB  of 
Machinery.  ByG.S.Lowin>Bi.  Poet8vo.M. 
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Tlie   Elements   of    Meohaniflm. 

By  .T.  M.  QooDBYS,  M.A.  Prof,  of  Me- 
dunics  At  the  B.  M.  Acad.  Woolwich. 
Second  Edition,  with  217  Woodcnts.  Post 
8TO.8f.6dl 

Tire's  Dictionary  of  Arts,  Manu- 

fkctnnSiandHinM.  Sixth  Edition,  chiefly 
re-written  and  greatlj  enlarged  by  Bobubt 
HuBT,  FJELS.,  assisted  by  nnmerons  Con- 
tribntors  eminent  in  Sdenoe  and  the  Axtsb 
and  £uniliax  with  ManufMstues.  With 
2,000  WoodcatB.  8  vols,  mediom  Bfo. 
£414i.6dL 

Treatise  on  Mills  and  MUlwork* 
By  W.  Fatkbatbb,  aS.  F.B&  With  18 
Plates  and  822  Woodcats.    2  yoIm,9v^  82a. 

XTsaftil  Information  for  Sngineera.  By 
the  same  Anthor.  Fibst,  Sboobd,  and 
Thibd  Sbbbs,  with  many  Plataa  and 
Woodcats.  8  rdLg.  crown  Svo.  lOt.  6dL  each. 

Tlie  Applioation  of  Oaat  and  'Wrought 
Iron  to  Building  Porposea.  By  the  aaoM 
Anthor.  Third  Edition,  with  6  Plates  and 
llSWoodcnts.    8to.16<. 

Iron  Ship  Building,  its  History 

and  Progress,  as  comprised  in  a  Sedes  of 
Experimental  Besearches  on  the  Laws  of 
Stnia;  the  fitrei^^ths,  Fom%  asid  other 
conditions  of  the  Materiali  and  an  Inqalry 
into  the  Preseat  and  Prospective  State  of 
the  Navy,  including  the  Exporimeiital 
Besnits  on  the  Besisting  Powers  of  Armonr 
Plates  and  Shot  at  H^  Yelocitiea.  Bj 
W.  Faibbaibb,  C.E.  FJI.S.  With  4  Plates 
and  180  Woodoots,  &vo.  18s. 

EneyolopflDdia  of  Civil  Engineer- 
ing, Historical,  Theoretical,  and  PraetkaL 
By  E.  Cbbbt,  CE.  With  above  8,000 
Woodcuts.    8vo.  42s. 

The  Artisan  Club's  Treatise  on 

the  Steam  Engine,  in  its  various  Applica- 
tions to  Mines,  Mills,  Steam  Navi^^on, 
Bailways,  and  Agriculture.  By  J.  Boubbb, 
OE.  New  £ditii<»;  with  87  Plates  and 
546  Woodcuts.    4t0w  43s. 

A  Treatise  on  the  Sorew  Pro- 
peller, Screw  Vessels,  and  Screw  Engines, 
ss  adapted  for  purposes  of  Peace  and  War ; 
with  notices  of  other  Methods  of  PropuMon, 
Tables  of  the  Dimensions  and  Performance 
of  Screw  Steamers,  and  DetaHsd  Specifica- 
tions of  Ships  and  Engines.  By  the  same 
Author.  Third  Edition,  with  54  Plates  and 
m  Woodcuts.    Quarto,  68«. 


Catechism  of  the  Steam  Engine, 

in  its  various  Applications  to  Mines,  Mills, 
Steam  Navigation,  Bailways,  and  Agricul- 
ture. By  John  Boubne,  C.E.  New  Edition, 
with  199  Woodcuts.  Fcp.  6s. 

Handbook  of  the  Steam  Engizke,  by  the 
same  Author,  forming  a  Kbt  to  the  Cate- 
chism of  the  Steam  Engine,  with  67  Wood- 
cuts.   Fop.  9«. 

A     History     of  the     Hachine- 

Wronght  Hosiery  and  Lace  Manufactures. 
By  William  Felkib,  F.L.S.  F.S.S.  With 
8  Steel  Plates,  10  Lithographic  Plates  of 
Machinery,  and  10  Coloured  Impressions  of 
Patterns  of  Lace.    Beyal  8vo.  21f. 

Manual  of  Practical  Assaying, 

for  the  use  of  Metalltxrgifits,  Captuns  of 
Mines,  and  Assayers  in  general;  with 
copious  Tables  for  Ascertaining  in  Assays 
of  Gold  and  Silver  the  precise  amount  in 
Ounces,  Pennyweights,  and  Grains  of  Noble 
Metai  contsaned  in  One  Tan  of  Ore  from  a 
Given  Quaatity.  B}*^  Johx  Mxtohbll, 
F.a&    8vo.  with  860  Woodcuta,  21s. 

The  Art  of  Perftunery ;  the  History 

and  Theory  of  Odours,  and  the  Methods  of 
Extracting  the  Aromas  of  Plants.  By 
Dr.  PiBME,  F.C.a  Third  Edition,  with 
58  Woodcats.    Oowb  8va  10s.  6d. 

CXiemioal,  Hatoral,  and  Fhsrsleal  Macio, 
for  Juveniles  during  the  Holidays.  By  the 
same  Author.  Third  Edition,  oalarged 
with  88  Woodcuts.    Fcp.  6s. 

Loudon's  Enoyclopflsdia  of  Agri- 
cultuM:  Ceoprising  the  Lajing-out,  Ln- 
prSYement,  and  Management  of  Landed 
Property,  and  the  Cultivation  and  Economy 
of  the  Prodnctiens  of  Agricaltue.  With 
1,100  Woodcuts.    S70.8UM. 

lK>udon'a  Enoydopsedla  of  Gardening : 
Comprising  the  Theory  and  Practice  of 
Horticulture^  Floriculture,  Arboriculture, 
and  Landscape  Gardening.  With  1,000 
Woodcuta    8vo.31«.6(i 

Iioudon'a  Unoyelopssdia  of  Cottage,  Farm, 
and  yUla  Architecture  and  Furniture.  With 
more  than  2,000  Woodcuts.    8va  42s. 

Garden  Arohiteoture  and  Z«and- 

soape  Gardening,  illustrating  the  Architec- 
tural Embellishment  of  Gardens  ;  with  Be- 
marks  on  Landscape  Gardening  in  its  rela- 
tion to  Arehitectnre.  By  Johb  Abthub 
HuoHsa.    8va  with  194  Woodcuts,  lit. 

Bayldon's  A^^t  of  Valuing  Bents 

and  Tillages,  and  Claims  of  Tenants  upon 
Quitting  Farms,  both  at  Michaelmas  and 
Lady-Day.  Eighth  Edition,  revised  by 
J.  C.  MoBTQB.    8vo.  lOt.  6<i. 
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Religious  and  Moral  Works. 


^jol  EzpoBition  of  the  89  Artioles, 

Hiitorical  and  Doctrinal  By  £.  Habold 
BROwiiB,D.D.t.ordBUliopof  £]y.  Strenth 
Edition.  8to.16«. 
BTMnlnfttion-Querttom  on  Bishop 
Browne's  ExpouUou  of  the  Articlee.  Bj 
the  Rev.  J.  Gorue,  HA.    Fcp.  8«.6d 

The  Life  and  Beign  of  David 

King  of  Israel.  By  Gsorob  Smith,  LUD. 
F.A.9.    Crown  8vo.  7s.  6dL 

The  Acts  of  the  Apostles;  i^ith  a 
Commentaiy,  and  Practical  and  Devotional 
Snggestionifor  Readers  and  Students  of  the 
English  Bible.  By  the  Rev.  F.  C  Cook, 
M.A,  Canon  of  Exeter,  &c  New  Edition, 
8vo.  12s.  6<f. 

The  Life  and  Bpiatlea  of  St. 
PaoL  By  W.  J.  ComrnBAUE,  MJL  late 
FeUow  of  Trin.  GolL  Cantab,  and  J.  8. 
HowBON,  D.D.  Principal  of  Liverpool  CoU. 
LiBBABT  EDinoir,  with  ill  w!ie  Original 
Illustrations^  Maps,  Landscapes  on  Steel, 
Woodcata,&c.    S  vols.  ito.  48s. 

Ibtbbiibdiatb  EomoK,  with  a  Selection 
oi  Uape,  PUtes,  and  Woodcnts.  2  vols, 
sqnare  crown  8vo.  81s.  6<t 

Pbopia*s  Editiob,  revised  and  con- 
densed, with  46  lUnstntions  and  Maps. 
2  vols,  crown  8vol  12s. 

The  Voyage  and  Shipwreck  of 

St  Paul ;  with  Dissertations  on  the  Ships 
and  Navigation  of  the  Ancients.  By  Jambs 
Skitii,  F.R.S.    Crown  8vo.  Charts,  10s.  Bd, 

Bvidenoe  of  the   Truth  of  the 

Christian  Religion  derived  from  the  Literal 
Fulfilment  of  Prophecy,  particularly  as 
Illustrated  by  the  History  of  the  Jews,  and 
the  Discoveries  of  Recent  Travellers.  By 
Alrxa^idbb  Keith,  D.D.  87th  Edition, 
with  numerous  Plates,  in  squsre  8vo. 
12s.  M,  I  also  the  89th  Edition,  in  post  8vo. 
with  o  Pistes,  6s. 

The  History  and  Destiny  of  the  "World 
nod  of  die  Church*  according  to  Scripture. 
By  the  same  Author.  Square  8vo.  with  40 
Illustrations,  10s. 

History  of  Israel  to  the  Death 

of  Moses.  By  HEiimicH  Ewald,  Pro- 
fessor of  the  University  of  G<>ttingen. 
Translated  from  the  German.  £diteil,with 
a  Preface,  by  Rc^eu^  Martiivrau,  M.A. 
Professor  of  Hebrew  in  Manchester  New 
C'jlle;;>),  London.    8vo.  18s., 


▲Critical  and  Grammatical  Com- 
mentary on  St  Paul's  Epistles.  By  C.  J. 
Slucott,  D.D.  Lord  Bishop  of  GloncesCer 
snd  Bristol.    8vo. 

Galstians,  Third  Bdition.  8s.6<l. 

Sphesians,  Fourth  Bdition,  Ss.fti. 

Pastoral  Bpistles,  Third  Edition,  10s.  €<i. 

Fhilipplans,  Colosslans,  and  Fliilexnon, 
Third  Edition,  10s.  6dL 

Thessalonians,  Third  Bdition.  7s.G<i. 

Historical  IfOCtaroBon  the  laife  of 

Our  Lord  Jei*us  Christ:  being  the  Holaesa 
Lectures  for  1859.  By  the  same  Author. 
Fourth  Edition.    8vo.  10s.  6dL 

The  Destiny  of  the  Creatore ;  and  other 
Sermons  preached  before  the  UniveTsity  of 
Cambridge.    By  the  samew    Post  8vo.  5s. 

TheGreekTestament ;  withKotee, 

Qrammatical  and  Exegetical.  By  the  Rev. 
W.  Wbbstbr,  M.A.  and  tiie  Rev.  W.  F. 
WiLKisrsoN,  M.A.    2  vols.  8vo.  £3  4s. 

You  I.  the  Gospels  and  Acts,  20s. 

YoL.  XL  the  Epistles  and  Apocalypse,  24s. 

An  Introduction  to  the  Study  of 

the  New  Testament,  Critical,  Exegetical, 
and  Theological  By  the  Rev.  8.Davii>so9», 
D.D.  LL.D.  2  vols.  Bvo,       [/»  tkepms. 

Boy.  T.  H.  Home's  Intaroduofcion 

to  the  Critical  Study  and  Knowledge  of  the 
Holy  Scriptures.  Eleventh  Edition,  cor- 
rected, and  extended  under  careful  Editorial 
revision,  ^^th  4  Maps  and  22  WoodcoU 
and  Facsimiles.    4  vols.  8vo.  £8  18c  SsL 

Bev.  T.  H.  Home's  Oompendious  In- 
troduction to  the  Study  of  the  Bible,  being 
an  Analysis  of  the  larger  work  by  the  same 
Author.  Re-edited  by  the  Rev.  Johk 
Atbb,M.A.  With  Maps,  8ec   Poet  8vo.  9s. 

The  Treasury  of  Bible  Know- 
ledge; being  a  Dictionary  of  the  Book5, 
Persons,  Pisces,  Events,  and  other  Matters 
of  which  mention  is  made  in  Holy  Scrip- 
ture; intended  to  establish  its  Authority 
and  illustrate  iU  Contents.  By  Bev. 
J.  Atbb,  M.A.  With  Maps,  15  Plates,  and 
nomerous  Woodcuta.    Fcp.  10s.  Sd, 

EYcry-day  Scripture  Biillculties 

explained  and  illustrated.  By  J.  E.  Prs3- 
oorr,  M.A.  Vol.  I.  Matiktm  and  Mark; 
Vol.  TI.  Luk*  and  John.  2  vols.  8vo.  9s.  each. 
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The   Fentateuoh    and   Book  of 

Joshua  Critically  Examined.  By  the  Right 
Rev.  J.  W.  CousKso,  D.D.  Lord  Biahop  of 
Natal.  People's  Edition,  in  1  vol.  crown 
8to.  6«.  or  in  6  Parts,  Ix.  each. 

The  Church  and  the  World:  Efsays 

on  Qaestiona  of  the  Day.  By  various 
Writers.  Edited  by  Rev.  Okbt  SRn>LKT, 
U.A.  First  and  Skcobd  Sbrirs.  2  vols. 
8vo.  lot.  each.  Third  Series  preparing 
for  pablicatioii. 

Tracts  for  the  Day;  a  Series  of 

Essays  on  Theological  Subjects.  By  various 
Authors.  Edited  by  Ihe  Rev.  Orry  Ship- 
let,  M.A.  I.  PritMtly  Ahsofution  Scrip- 
trial,  9d,  II.  Purgatory,  9 J.  III.  Tke  Seven 
Saeramenit,  1«.  Sd.  IV.  Miraclet  and  Prayer, 
6d,  y.  The  Real  Pretence,  UddL  VI.  Oatm- 
isiry.  It.  VII.  Unction  of  the  Sick,  9d.  VIII. 
The  Rule  of  JForship,  9A  IX.  Popular 
RationaUtm,  dd. 

The  Formation  of  Christendom. 
Pabt  L    By  T.  W.  Alues.    8vo.  12i.  | 

Christendom's  Divisions ;  a  Philo- 
sophical Sketch  of  the  Divisions  of  the 
Christian  Family  in  East  and  West  By 
Edmund  S.  Ffoulkes,  formerly  Fellow  and 
Tutor  of  Jesus  Coll.  Oxford.  Post  8vo.  7«.  Zd, 

Christendom's  Divisions,  Part  IL 

Greeke  and  Latint,  being  a  Histor}*  of  their 
Dissentions  and  Overtures  for  Peace  down 
to  the  Reformation.  By  the  same  Author. 
Post  8vo.  15*. 

The  Hidden  Wisdom  of  Christ  | 

and  the  Key  of  Knowledge ;  or,  History  of  I 
the  Apocrypha.  By  Ernest  De  Bcksen.  ' 
2  vols.  Svo.  28«. 

Th^^  Keys  of  Bt.  Peter ;  or,  the  IIou.sc  of  i 

Recbab,  connected    wiih    llie    History  tf  ! 

Symbolism  and  IdMatry.      By  the  same  ' 

Author.    Svo.  H».  *  ' 

The  Temporal  Mission   of  the 

Holy  Ghost;  or,  Reason  and  Revelation. 
By  Archbishop  Mansiico,  D.D.  Second 
Edition.    Crown  8vo.  8«.  6J. 

England  and  Chriatendom.  By  the  same 
Author.  Preceded  by  an  Introduction  on 
tke  Tendencies  of  Religion  in  England,  aud  i 
the  Catholic  Practice  of  Praj-er  for  the 
llestoration  of  Christian  Nations  to  the 
Unity  of  the  Church.    Post  8vo.  10s.  6A 

Essays  on  Religion  and  Litera-  j 

tare.     Edited  by  Arclibishop    Masnihg, 
D.D.    First  Skriks,8vo.  10s.  6dL    Second    ' 
Seriks,  Ht. 


Essays  and  Reviews.   By  the  Rev. 

W.  Tbmplb,  D.D.  the  Rev.  R.  Williams, 
B.D.  the  Rev.  B.  Powell,  MJL  ihe  Rev. 
H.  B.  WiLBOJi,  B.D.  C.  W.  Goodwin,  MJL. 
the  Rev.  M.  Pattisok,  B.D.  and  the  Rev. 
B.Jo\VKTr,M.A.  12th  Edition.  Fcp.5«. 

Mosheim's  Eoolesiastioal  History. 
MuBDOCK  and  Soamss'b  Translation  and 
Notes,  re-adited  by  the  Rev.  W.  Stubbb, 
ILA.    8  vola.  8vo.  46fc 

Bishop  Jeremy  Taylor's  Entire 
Works:  With  Lifb  by  Bishop  Hbbbr. 
Revised  and  oorrected  by  the  Rev.  a  P. 
EDsar,  10  vols.  £5  5f. 

Faaaing  Thonghts  on  Beligion. 

By  the  Author  of  <Amy  Herbert'  New 
Edition.   Fcp.  6f. 

Balf-ezamination  before  OoiiiInn»tion. 
By  the  same  Author.    82mo.  Is.  6dL 

Beadinge  for  a  Month  Preparatory  to 
Confirmation  iVom  Writers  of  the  Early  and 
English  Church.    By  the  same.  Fcp.  4m. 

Beadinge  for  Xhrery  Day  in  Iient,  com- 
piled from  the  Writings  of  Bishop  Jerbmt 
Tatlor.    By  the  same.    Fcp.  5s. 

Preparation  for  the  Holy  Communion ; 
the  Devotions  chiefly  ftom  the  works  of 
Jbbemt  Taylor.  By  the  same.    82ma8s. 

Principles  of  Education  drawn 

from  Nature  and  Revelation,  and  Applied 
to  Female  Education  in  the  Upper  Classes. 
By  the  same.    2  vols.  fcp.  12t.  ^ 

The  Wife's  Manual;  or.  Prayers, 
Thoughts,  and  Songs  on  Several  Occasions 
of  a  Matron's  Lift.  By  the  Rev.  W.  Cal> 
VBBT,  M.A.    Crown  8va  10s.  Bd, 

Lyra  Domestioa ;  Christian  Songs  for 
Domestic  Edification.  Translated  firom  the 
Paaltery  and  Harp  of  C  J.  P.  Spitta,  and 
from  other  sources,  by  Riohard  Hassib. 
Fnurr  and  Sfcokd  Seribs,  fcp.  4«.  M,  each. 

*  Spiritual  Songs '  for  the  Sundasrs 

and  Holiday's  throughout  the  Year.  By 
J.  S.  B.  MoNSELL,  LL.D.  Vicar  of  Egham 
and  Rural  Dean.  Sixth  Thousand.  Fcp. 
price  4s.  6d. 

The  Beatitudes :  Abasement  before  God : 
Sorrow  for  Sin  ;  Meekness  of  Spirit ;  Desire 
for  Holiness ;  Gentleness ;  Purity  of  Heart ; 
the  Peace-makers;  Sufferings  for  Christ. 
By  the  same  Author.  Third  Edition,  re- 
vised.   Fcp.  3«.6A 

His  Presence,  not  his  Memory,  1855. 
By  the  ssrae  Author,  in  memorv  of  his  Son. 
Fifth  Edition.    16mo.  1». 
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«■»««,  Hymns  for  Um  SuiMUys  and  Qiief 
F«itiv«li;  Secoitd  Sbbibb»  the  ChrisUan 
life.    Fep.  8«.  6(2.  Mck  Sbbzki. 

Hymns  from  Iiyra  Oermanioa»  l8mo.  1«. 

Lyra  Suoharistios  ;  Hynmfl  and 
Venei  on  the  Holy  Gommanioo,  Ancieiit 
and  Modern;  with  other  Poems.  Edited  by 
the  Rev.  Obbt  Shiflbt,  MX  Second 
Edition.    Fcp.  7«.  M.  ! 

Iiyra  Masslanioa ;  Hymns  and  Verses  on  ; 

the  Life  of  Christ,  Ancient  and  Modem ;  { 
with  other  Poems.    By  the  eame  Editor. 

Seeond  Edition,  enlarg«!d.    Fcp.  7«.€dL  | 

Iiyra  Mystioa ;  Hymns  and  Verwa  on  8«sred  | 
Subjects*  ABdent  and  Modem.     By  the 

same  Editor.    Fcp.  7$,  6d.  I 


Poetiy.  Edited  by  the  B0r.B.W.8ATiLK, 
M.A.    Third  Edition,  enlarged.    Fcp.  5s. 

The    Catholic   Dootrine  of   the 

AteasBMBt;  an  Hisftoricai  Imqniiy  into  its 
Derelopment  in  tiie  Chnreh :  with  asi  Intro- 
dnetioB  on  the  Principle  of  Theological 
Derelopments.  By  H.  N.  Oxshham,  If  ^. 
8vo.8s.6d. 

EndeaToiirs  after  the  Christiaii 

Life :  Discourses.  By  Jamkb  Mabtlhbjlu. 
Fourth  and  cheaper  Edition,  carefully  re- 
yised;  the  Two  Series  complete  in  One 
Volume.    Post  8vo.  7s.  6d. 

Infarodaotory    Iiessbna    on    the 

HiBtory  of  Religious  Worship;  befng-  a 
Sequel  to  the  '  Lessons  on  Christijui  Kwi- 
dencet.'  By  Sichaici>  Whatklt,  D.D. 
New  Edition.  18mo.  2s.  (ML 


Travels,  Voyages,  ^c. 


The    North- West    Feninstila    of 

Icelsnd;  being  the  Joarasl  of  a  Tour  in 
Iceland  in  the  Summer  of  1862.  By  C.  W. 
Shepherd,  M.A.  F.Z.S.  With  s  Map  and 
Two  Illustrations.    Fcp.  8vo.  7i.  6<l. 

Fictoree  in  Tyrol  and  SLiewliere. 

From  a  Family  Sketch- Book,  By  the 
Author  of  *A  Voyage  en  Zigzag,'  Ac. 
Quarto^  with  numerous  Illustrations,  2U. 

How  we  Spent  the  Summer;  or, 

a  Voyage  ea  Zigzag  in  Switaerland  and 
l^yrol  with  some  Members  of  the  Aupnrs 
Club.  From  the  Sketch-Book  of  one  of  the 
Party.  Third  Edition,  i»<bawB.  In  obloog 
4UK  with  abov^  800  lUustntions,  15s. 

Beaten  TraolUl ;  or»  Pea  and  Pfloeil 
Sketches  in  Italy.  By  the  AnthofSM  of 
«  A  Voyage  en  Zigzag.*  With  42  Platen 
centainiBg  aboat  200  SkMtcfaes  ftom  Draw- 
ings made  on  the  Spot    8T0.18S. 

iOcnrenoe,  the  New   Capital   of 

Italy.  ByC.B.WELD.  With  leveral  En- 
gravings on  Wood,  from  Drawings  by  the 
Author.    PostSro.  12*.  6cf. 

Map  ofthe  Chain  of  Mont  Blaae, 

ftwB  an  actaal  Sarr^F  ta  1888—1864.  By 
A.ADAM»-RBiXT,F.B.G.&MJLa  Pnb- 
lished  under  the  Autbeff^  of  the  Alpine 
UuK  InChmnoUthographyoneztsastovi 

dnwiBg-pip«  28^  *>  ^^'^  V^^  ^^  ^ 
mounted  on  canyaa  in  »  folding  case,  ISn  6rf. 


History    of   Disoovery    In   our 

Australasian  Coloniee,  Austndia,  Tasmania, 
and  Kew  Zealand,  from  the  Earliest  Date  to 
the  Present  Day.  By  William  Hownrr. 
With  8  Maps  of  the  Reosnt  Eacpkffrtifiu 
from  Official  Sources.    2  rols.  8Ta  20s. 

The  Capital  of  the  Tyooon;  a 

Narrative  of  a  8  Tears'  Besidenoe  in  Japan. 
By   Sir   BuTHSRroBD   Alooox*    K.C3. 

2  vols.  8vo.  with  numerous  ninstrataoos,  42s. 

The  Dolomite  Mountains.   £xcQr- 

sions  through  Tyrol,  Csiinthia,  Caniiola,attd 
Friuli.  By  J.  QiLBKST  and  G.  C.  Chub- 
chill,  F.B.G.S.  With  numerous  Dlustra- 
tions.   Square  crown  8vo.  21j. 

▲laady'sTonrBonndMonteBoaa; 

including  Visits  to  the  Italian  Vallevs. 
With  Map  and  Illustrations.    Post  8to,  141. 

Guide  to  the  Pyreneea,  for  the  nse 

of  Moimtaineers.  By  Chabuu  Packs. 
With  Maps,  &c  and  Appendix.    Fcp.  8t. 

The  Alpine  Guide.   By  Johs  Baul, 

MJEULA.  late  Pnsidsnt  of  the  AJpine  Ghih. 

Post  8vo.  with  Maps  and  other  lUostiatioBa. 
a«ld«  to  the  BMtWB  Alps.   iJmtnmd^, 
Guide  to  the  'Weatem  Alps,  induding 

Mont  Blane,   Monte  Bosi^Zsinaftt,  Ac. 

price  7$,  8dL 

Childa  to  the  Oberlnnd  nad  aU  Bwltser* 
had,  eacoepting  tlie  If  eigfabouriiesd  of 
Monte  Bosa  and  the  Gteat  St.  Beinard; 
wHh  Lomhazdy  and  the  nMohifaig  portion 
oflVioL    7$,id. 
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Tlie  Englishinan  in  India.     By 

Chablbs  Raikes,  Esq.  C.S.I.  formerly 
Commissioner  of  Lahore.    Post  8vo.  7$,  Qd, 

The  Irish  in  Ameriost.  By  John 
Francis  Maogire,  M.P.  for  Cork.  Post 
8vo.  12«.  6d, 

The  Aroh  of  Titus  and  the  Spoils 

of  the  Temple;  an  Historical  and  Critical 
Lecture,  with  Antbcntic  Illustrations.  By 
WiLMAM  Knight,  M.A-  With  10  Wood- 
cuts from  Ancient  Remains.    4to.  10<. 

Curiosities  of  Iiondon ;    exhibiting 

the  most  Rare  and  Remarkable  Objects  of 
Interest  in  the  Metropolis;  with  nearly 
Sixty  Yearn'  Personal  Recollectiond.  By 
JoH:r  TiMBS,  F.S.A.  New  ;£dition,  cor- 
rected and  enlarged.    8vo.  Portrait,  21«. 


Narratives  of  Shipwrecks  of  the 

Royal  Navy  between  1793  and  1857,  com- 
piled from  Official  Documents  in  the  Ad- 
miralty by  W.  O.  a  GiLLT ;  with  a  Preface 
by  W.  S.  GiLLT,  VJy.   8d  Edition,  fcp.  6«. 

Visits    to    Bemarkable   Places : 

Old  Halls,  Battle-Fields,  and  Scenes  illus- 
trattve  of  Striking  Passages  in  English 
History  and  Poetiy.  By  Wiluam  Howrrr. 
2  Yols.  square  crown  8vo.  with  Wood  Eu- 
grayings,  25f. 

The    Bural    Life    of    England. 

By  the  same  Author.  With  Woodcuts  by 
Bewick  and  Williams.  Medium  8vo.  12«.  6dL 

A   Week    at   the    Land's    End. 

By  J.  T.  Bliout  ;  assisted  by  E.  H.  Rodd, 
R.  Q.  Couch,  and  J.  Ralfs.  With  Map 
and  96  Woodcuts.    Fcp.  6».  6A 


Works  of  Fiction, 


The  Warden  :  a  Novel.  By  Anthoht 
Tbollopb,    Crown  8vo.  2«.  6d. 

Barcliester  Towers:  a  Sequel  to  'The 
Warden.'  By  the  same  A^uthor.  Crown 
8to.  Z».  6d. 

Stories  and  Tales  by  the  Author 

of  *  Amy  Herbert,'  uniform  Edition,  each 
Tale  or  Story  complete  in  a  single  volume. 


Kathabinb  Asutoiy, 

3s,  Qd, 
Maroarbt     Pebci- 

VAL,  5s. 

Lanetos     Parson- 

aob,  4s.  (id. 
Ursula,  U,  Bd. 


Aarr  Hbrbbrt,  2j.  6^2. 
Gbrtrudb,  2s.  Qd, 
Earl's  Dauohteb, 

28.  ed. 
Experience  op  Life, 

2s.  6d: 
Clbve  Haix,  8s.  6dL 
Ivobs,  3s.  6dL  I 

A  Glimpse  of  the  "World.  By  the  Author 
of  « Amy  Herbert.'    Fcp.  7s.  6<£. 

The  Journal  of  a  Home  Life.  By  the 
same  Author.    Post  8vo.  9^.  6d. 

After  Life ;  a  Sequel  to  the  'Journal  of  a  Home 
Life.'    By  the  same  Author.    Post  8vc. 
INiearl^  nady, 

Gallus ;  or,  Roman  Scenes  of  the  Time 
of  Augustus:  with  Notes  and  Ezcorsuses 
illustrative  of  the  Manners  and  Customs  of 
the  Ancient  Romans.  From  the  German  of 
ProC  Bbckbb.  New  Edit.   Post  8vo.  7s.  6<2. 

Charicles ;  a  Tale  iUastrative  of  Private 
Life  among  the  Andent  Greeks :  with  Notes 
and  Excursuses.  From  the  German  of  Prof. 
Bsckbb.    New  Edition,  Post  8vo.  7f.  6dL 


Springdale  Abbey  :  Extracts  fVom 
the  Leiterd  and  Diaries  of  an  English 
Prkachkr.    8vo.  12s. 

The  Six  Sisters  of  the  Valleys : 

an  Uistorieul  Romance.  By  W.  Bramlkt- 
MooKE,  M.A  Incumbent  of  Gerrard's  Cross, 
Bucks.  Fourth  Edition,  with  14  Ulustraiions. 
Crown  8vu.  5s. 

Tales    from    Greek    Mythology. 

By  George  W.  Cox,  M.A.  late  Scholar 
ofTrin.Coil.Oxon.  Second  Edition.  Square 
16nio.  Ss.  QcL 

Tales  of  the  Gods  and  Heroes.  By  the 
same  Author.   Second  Edition.  Fcp.  6s. 

Tales  of  Thebes  and  Argos.  By  the  same 
Author.    Fcp.  4s.  6dL 

A  Manual  of  Mythology,  in  the  form  of 
Qoeation  and  Answer.  By  the  same 
Author.    Fcp.  ds. 

Cabinet  Edition  of  Novels  and 
Tales  by  By  G.  J.  Whytk  Melville  :— 

The  Gladiators :  a  Talc  of  Rome  and  Judsa. 
Crown  8vo.  5s. 

Digby  Grand,  5s. 

Kate  Coventry,  5s. 

General  Bounce,  5s. 

Holmby  House,  5s. 

Qood  for  Nothingy'es. 

The  Queen's  Maaries,  es. 

The  Interpreter,  a  Tale  of  the  War. 
o 
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Poetry  and  The  Drama. 


Moore'fl  Poetical  Works,  Cheapest 

JBditioiM  complete  in  1  toL  indoding  the 
Amtoblogimphicel  PnAicei  end  Anther's  last 
Notee,  which  are  still  oopyright  Grown 
«Ttt.  ruby  type,  with  Pertnit,  6«.  or 
FeopU's  Sditimwin  Iniger  type,  12s.  6dL 

Moore's  Foetloal  Worka,  ss  above.  library 
Edition,  mediun  Sto.  with  Portrait  and 
Vignette,  14s.  or  in  10  Yols.fcp.  3s.  &<.  each. 

Moore's  Lalla  Bookh,  Tennlel's  Edi- 
tion, with  68  Wood  Engravings  from 
Original  Drawings  and  other  lUustrations. 
Ecp.  4to.  21s. 

Moore's  Irish  Melodies,  Maclite's 

Edition,  with  161  Steel  Plates  from  Oxiginal 
Drawings.    Saper-royal  Svo.  51«.  6J. 

Xinifttnre  Bdition  of  Moon's  Irish 
Mdodkst  with  Maclise's  lUnstrations,  (as 
above)  rsdnced  in  Lithography.  Imp. 
16mo.  10s.  M, 

Bouthey's   Foetdoal   Works,  with 

the  Anther's  last  Corrections  and  copyright 
Additions.  Library  Edition,  in  1  yoL 
medium  8vo.  with  Portrait  and  Vignette, 
14s.  or  in  10  vols.  fcp.  8s.  6dL  each. 

lAys  of  Ancient  Borne ;  with  Iwy 

and  the  .^irmoda.  By  the  Right  Hon.  Lobd 
Maojiulat.    16mo.  4s.  6dL 

Iiord  MaomilaT'e  Iajs  of  Anoisnt 
Borne.  With  90  IllostraUons  on  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  G.  ScfRABf.    Fcp.  4to.  8U 

Miniature  Edition  of  Iiord  Maoaulay'a 
Lays  of  Ancient  Rome,  with  Scfaarf' s  Il- 
lustrations (as  above)  redaced  in  Litho- 
graphy.   Imp.  16mo.  10s.  6dL 


Poems. 

Edition. 


By  Jeak  Inoblow. 
Fcp.  8vo.  5s. 


Twelfth 


Foema  by  Jean  Ingelow.  A  New  Bdition, 
with  nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  the  Brothers 
Dalzieu    Fcp.  4to.  21s. 

A  Story  of  Doom,  and  other  Poems.  By 
Jeah  Ihgelow.    Fcp.  5s. 

Poetioal  Works  of  Letitia  Eliza- 
beth Landon  (L.E.L.)    2  vols.  l6mo.  10s. 

Playtime  wifh  the  Poets :  a  Selec- 
tion of  the  best  English  Poetry  for  the  nee 
of  Children.    By  a  Ladt.    Crown  8vo.  5s. 


Memories  of  some  Oontemporary 

Poets ;  with  Selections  from  their  Writings. 
By  Emily  Tati>or.    Royal  18mo.  5t, 

BowdLer*s    Pbmily    Shakspeare, 

cheaper  Gennine  EdiUon,  complete  in  1  vd. 
large  type^  with  86  Woodcut  lUoatratio&s, 
price  14s.  or  in  6  pocket  vols.  8s.  6dL  each. 

Shakspeare's  Sonnets  never  be- 
fore interpreted  ;  his  Private  Friends  iden- 
tified; together  with  a  recovered  Ukenesi 
of  Himself.  By  Grbald  Massst.  Sreu  18*. 

Anmdines  Cami,  slve  Mnsamm  Caa- 
Ubrigiensinm  Lusus  Canori.  CoUeKit  atqns 
edidit  H.  Dburt,  MJL  Editio  Sezta,  oi- 
ravit  H.  J.  Hodgsok,  M.A.  Crown  Svo. 
price  7s.  6dL 

Horatii  Opera,  Library  Edition,  with 
Copious  English  Xotes,  Marginal  References 
and  Various  Readings.  Edited  by  the  Rev. 
J.  £.  YovoB,  M.A.    8vo.2Is. 

Eight  Comedies  of  Aristophanes, 

ws.  the  Achamians,  Knights,  doada' 
Wasps,  Peace,  Birds,  Fiogi^  and  Plutna! 
Translated     into     Rhymed    Heties     by 

LB0IIAaD-HAMP80HRuDD,M.A.    8vo.  15«. 

The  -ZBneid  of  Virgil  Transhited  into 
English  Verse.  By  John  Co:iz2Totow, 
M.A.  Corpus  Professor  of  Latin  in  the  Uni- 
verrity  of  Oxford.    Crown  8vo.  9s. 

The  niad  of  Homer  Translated 

into  Blank  Verse.  By  Ichabod  Chakim 
Weight,  M.A.   2  vols,  crown  8vo.  2U. 

The  Diad  of  Homer  in  English 

Hexameter  Verse.  By  J.  Hbhrt  Daht, 
M.A.  of  Exeter  College,  Oxford.  Square 
crown  8vo.  21s. 

Dante's  Divine  Ck>medy9  translated 

in  English  Terza  Rima  by  John  DATMAai, 
M.A.  [With  the  Italian  Text,  after 
BrunetH,  interpaged.]    8vo.  21s. 

The  Holy  Child.  A  Poem  in  Four 
Cantos ;  also  an  Ode  to  Silence,  and  other 
Poems.    By  S,  Jenner,  M.A.   Fcp.  8vo.  5«. 

Poetioal  Works  of  John  Edmund 

Reade ;  with  final  Revision  and  Additions. 
8  vols.  iep.  18s.  or  each  voL  separately,  8e.  * 


Digitized  by  VjOOQIC 


NEW  W0BK8  FUBU8BSD  bt  LONGKAKS  aitd  00. 


19 


Rural  Sports,  ^c. 


Xbioyolopeddis  of  Bnral  Sports ; 

a  Complete  Aooonnt,  HiBtorical,  Practical^ 
•ad  Descripttre^  of  Hunting,  Shooting, 
Fiahing,  Badng,  ftc  By  D.  P.  BLAnrs. 
With  above  600  Woodcats  (30  from  Dengns 
by  JoHir  Lsbch).    Syo.  42f. 

Ck>L   Hawker's   Instraotions   to 

Toimg  Sportsmen  in  all  that  relates  to  Gons 
and  Shooting.  Bevised  by  the  Author's  Sow. 
Square  crown  8yo.  with  Illastrationa.  I8t. 

The  Bifle,  its  Theory  and  Prae- 

tioe.  By  Abthuk  Walksb  (79th  High- 
landers), Stair,  Hythe  and  Fleetwood  Schools 
of  Musketry.  Seioond  Edition.  Crown  8vo. 
with  125  Woodcuts,  6«. 

The  Dead  Shot^or  Sportsman's  Oomplete 
Guide;  a  Treatise  on  the  Use  of  the  Gim, 
Dog-breaking,  Pigeon-shooting,  &c  By 
Fcp.  with  Plates,  St. 


A  Book  on  Angling :  being  a  Com- 
plete Treatise  on  the  Art  of  Angling  in 
every  branch,   inclnding   fnll    Illustrated 

. '  Lists  of  Salmon  Flies.  By  Francis  Francis. 
Second  Edition,  with  Portrait  and  15  other 
Plates,  plain  and  coloured.    Post8vo.  15s. 

Ephemera's  Handbook  of  Ang- 
ling :  Teaching  Fly-flshing,  Trolling,  Bot- 
tom-fishing, Salmon-fishing ;  with  the 
Natural  History  of  River  FUh.    Fcp.  6t. 

The   FLy- Fisher's   Entomology* 

By  Alfbsd  Rosaldb.  With  coloured 
Bepresentations  of  the  Natural  and  Artifi- 
cial Insect  Sixth  Edition  (  with  20 
coloured  Plates.    Sva  14t. 

Yonatt  on  the  Horse.  Revised  and 
enlaigedbyW.WAxaOH,  M.B.O.y.&  8v0b 
with  numerous  Woodcuts,  12s.  6dl 

Yoitatt  on  the  Dog.  (By  the  same  Author.) 
8vo.  with  numerous  Woodcuts,  6a. 


The  Cricket  Field ;  or,  the  History 
and  the  Science  of  the  Game  of  Cricket.  By 
Jambs  PreBOFV,BJL  4th£ditioh.  Fep.5«. 

The  Horse-Trainer's  and  Sports- 
man's Guide:  with  Considerations  on  the 
Duties  of  Grooms,  on  Purchasing  Blood 
Stock,  sad  oa  Yeterioary  EzaminatioiL 
By  DiOBT  CoLLora.    Post  8vo.  6t. 

Blaine's  Veterinary  Art :  a  Trea- 
tise on  the  Anatomy,  Physiology,  and 
Curative  Treatment  of  the  Diseases  of  the 
Horse,  Neat  Cattle,  and  Sheep.  Seventh 
Edition,  revised  and  enlarged  by  C.  Stbei^ 
8vo.  with  Plates  and  Woodcuts,  18f. 

On    Drill   and    Manosnvres    of 

Cavalry,  combined  with  Horse  Artillery. 
By  Major-Gen.  Michajsl  W.  Smitb,  G.B. 
8vo.  12s.  M. 

The  Horse's  Foot,  and  how  to  keep 

it  Sound.  By  W.  MiLBS,  Esq.  9thEdition» 
with  Illustrations.    Imp.  8vo.  12s.  6c2. 

A  Plain  Treatise  on  Horse-alioeiiig.  By 

the  same  Author.    Post  8vo.  with  Illustra- . 

taons,  2s.  6cf. 
Stablea  and  Stable  Fittinga.  By  the  same. 

Imp.  8va  with  18  Plates,  15s. 
Bexnark:a  on  Horses'  Teeth,  addressed  to 

Porchasers.   By  the  same.  Post  8vo.  Is.  6<i. 

The  Dog  in  Health  and  Disease. 

By  SroNEHKiroR.  With  70  Wood  En- 
gravings. New  Edition.  Square  crown 
8vo.  lOt.  M, 
The  Qreyhonnd.  By  the  same  AuthcTi 
Bevised  Edition,  wltii  24  Portiaits  of  Grsgr- 
hounds.    Square  crown  8vo.  SU. 

The  Ox,  His  Diseases  and  their  Treat 
ment ;  with  an  Essay  on  Parturition  in  the. 
Cow.  By  J.  R.  DOBSON,  H.R.ay.S.  Crown 
8vo.  with  lUostrations^  7«.  M^ 


Commerce,  Navigation,  and  Mercantile  Affairs. 


Banking,  Carrenoy,  and  the  Ex- 
changes: a  Practical  Treatise.  By  Arthur 
Crump,  Bank  Manager,  formerly  of  the 
Bank  of  England.    PostSvo.  6«. 

The  Elements  of  Banking.    By 

Hbrbt  DuimiNo  Maolboo,  M.A.  of  Tri- 
sity  College,  Cambricfge,  and  of  the  Inner 
Twnple,  6srrister-at-Law.    Post  8v0b 

{^Ntarfy  rmufy. 


The    Theory    and    Practice    of 

Banking.  By  Hbkbt  DtTiramo  Maclbod, 
M.A.  Barrister- at-Law.  Second  Edition, 
entirely  remodelled.    2  vols.  8yo.  80s. 

A  Dictionary,  Practical,  Theo* 

retical,  and  Historical,  of  Commerce  and 
Commercial  Navigation.  By  J.  R.  M<Cui«- 
LOCH.   New  Edition  in  the  press. 
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£lement8  ot  Maritime  Inter- 
national Law.  By  William  De  Burgh, 
B.  A.  of  the  Inner  Temple,  Barriater-at-Law 
Bvo. 

Papers  on  Maritime  Legislation; 

with  a  Translation  of.  the  German  Mercan- 
tile Law  relating  to  Maritime  Commerce. 
By  Ernst  Emil  Wkndt.    8vo.  IOj.  Sd, 

Praotioal  Guide  for  British  Ship- 
masters to  United  States  Porta.  By  Pibb- 
REPONT  Edwards,  Her  Britannic  Majesty's 
Vice-Consul  at  New  York.  Post  8vo.  8«.  W. 


The  Law  of  Nations  Considered 

as  Independent  Political  Communities.  By 
Trayxbs  TwiBS,  D.C.L.  Regius  Professor 
of  Civil  Law  in  the  University  of  Oxford. 
2  vols.  8vo.  30j.  or  separately.  Past  L  Peact, 
12«.  Pabt  IL  JTar.  18«. 

A  Nautical  Diotionary,  deflning 

the  Technical  Language  relative  to  the 
Building  and  Equipment  of  Sailing  Tesseli 
and  Steamers,  &c.  By  Artbue  Touvo. 
Second  Edition ;  with  Plates  and  150  Wood- 
cuts.   Sro.  IBs. 


Works  of  Utility  and   General  Information. 


Modem    Cookery    for    Private 

Families,  reduced  to  a  System  of  Easy 
Practice  in  a  Series  of  carefully > tested 
Receipts.  By  Eliza  Acroir.  Newly  re- 
vised and  enlarged ;  with  8  Plates,  Figures, 
and  160  Woodcuts.    Fcp.  6«. 

On  Food  and  its  Digestion;  ao  ; 

Introduction  to  Dietetics.  By  W.  Brintox,  ! 

3I.D.  Physician  to  St.  Thomas's  Hospital,  i 
&c.    With  48  Woodcuts.    Post  8vo.  12s. 

Wine,  the  Vine,  and  the  Cellar. 
By  Thomas  G.  Suaw.    Second  Edition, 
revised  and  enlarged,  with  Frontispiece  and   I 
31  Illustrations  on  Wood.    8vo  16«.  | 

A  Practical  Treatise  on  Brewing;  | 

with  FormulsB  for  Public  Brewers,  and  In*  | 

structiona   for   Private   Families.    By  W.  | 
Black.    Fifth  Edition.    8vo.  lOt.  6<2. 

How  to  Brew  Good  Beer :  a  com- 

plete  Guide  to  the  Art  of  Brewing  Ale, 
Bitter  Ale,  Table  Ale,  Brown  Stout,  Porter, 
and  Table  Beer.  By  Joh:!  Pitt.  Revised 
Edition.    Fcp.  4*.  6<i 

The  Billiard   Book.     By  Captain 

-Crawlet,  Author  of  *  Billiards,  iU  Theory 
^and  Practice,'  &c  With  nearlylOO  Diagrams 
on  Steel  and  Wood.    8vo.  21s. 

Whist,  What  to  Lead.     By  Cam. 

Third  Edition.    82mo.  It. 

The  Cabinet  Lawyer;  a  Popular 

Digest  of  the  Laws  of  England,  Civil, 
Crimina],  and  Constitutional.  23rd  Edition, 
entirely  reconposed,  and  brought  down  by 
the  Author  to  the  close  of  the  Parliamen- 
tary Session  of  1867.    Fcp.  10s.6dL 

The  Philosophy  of  Health ;  or,  an 

Exposition  of  the  Ph^'siological  and  Sanitary 
Conditions  conducive  to  Human  Longevity 
and  Happiness.  By  Southwood  Smith, 
M.D.  Eleventh  Edition,  revised  and  en- 
larged ;  with  118  Woodcuts.    8vo.  7«.  8d 


A  Handbook  for  Headers  at  the 

British  Museum.  By  Thomas  Nichols. 
Post  8vo.  8«. 

Hints  to  Mothers  on  the  Manage- 
ment of  their  Health  during  the  Period  of 
Pregnancy  and  in  the  Ljring-in  Room.  By 
T.  Bull,  MJ>.    Fcp.  5f. 

The  Matemftl  Maxia«ement  of  Children 
in  Health  and  Disease.  By  the  same 
Author.    Fcp.  5s. 

Notes  on  Hospitals.    By  Flosencb 

NiOHTiiroALR.  Third  Edition,  enlarged; 
with  13  Plans.    Post  4to.  18s. 

The  Executor's  Guide.    By  J.  C. 

II UD80N.  Enlarged  Edition,  revised  by  the 
Author,  with  reference  to  the  latest  reported 
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